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VOL.  f.  page  4S,  I.  9  fitMB  bottom, /«r  1 1J  of  the  foniKr  to  8S|  of  the  latter, 
or  1  to  7^,  remdWA  to  88.9,  or  1  to  8. 

p.  51, 1.  6  aad  7«yor  7^,  nmd  8. 

p.  84, 1.  9.  Thif,  to  far  as  it  respects  Petit  aad  Daloof ,  is  incor- 
rect, for  tbey  assane  tint  nuiiatiofl  is  tke  saaw  ia  air  aad  other 
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the  coodactiag  powers  of  elastic  awdia. 

p.  102, 1.  13  from  iMttom, /or  precisely  nmd  aearly. 

p.  lll,1.21,>r(20SO)rraif(10So). 

p.  18ft,  1.  S,  Mfler  eod,  hueri  coolaiaiag  a^rcarj. 
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"  readpotassa. 

Vol.  If.  p.  166, 1, 11, /or  protoxide  read  peroxide. 


PREFACE 


TO  THS 


NINTH  EDITION. 


CftEHiSTRY  is,  of  all  the  sciencesi  that  which  is  most  emi« 
M&tly  progressive,  scarcely  a  year  elapsing  during  which  it 
Boot  oirichcd  by  a  great  variety  of  new  facts, — ^by  the  resoiu- 
tKA  of  compounds  into  more  simple  elements,— by  combina- 
^before  unknown, — and  sometimes  by  general  laws  of  ex- 
%nsiYe  application  and  influence.    Every  new  edition  of  a 
chemical  book  must  necessarily,  therefore,  if  it  keep  pace  with 
^  progress  of  discovery,  differ  essentially  from  the  one  which 
preceded  it ;  for  while  it  embraces  every  thing  that  is  new 
sod  important,  it  must  reject  whatever  recent  experience  hss 
pn)Ted  to  be  erroneous.    It  is  by  freely  effecting  the  latter 
purpose,  that  I  have  been  enabled  to  accommodate  this  work  to 
d^  state  of  the  science^  without  materially  enlarging  the  size 
of  the  volumes.     They  will  be  found,  however,  by  those  who 
may  be  at  the  pains  of  comparing  this  edition  with  the  last,  to 
comprise  a  large  proportion  of  new  matter.     I  have  been 
induced  also,  by  mature  consideration  of  those  analogies 
which  have  of  late  years  been  unfolded  among  chemical  sub- 
stances^  to  adopt  an  entirely  different  arrangement,  the  prin- 
ciple of  which  is  fully  explained  in  the  concluding  pages  of 
the  Introduction.    It  is  founded,  as  to  its  leading  outline, 
on  those  relations  of  bodies  to  Electricltyi  which  have  been 
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developed  by  the  genius  of  Sir  Humphry  Davy,  and,  though 
the  classification  is  far  from  being  unobjectionable,  it  seems 
to  me  the  best  that  can  be  followed  in  the  present  state  of 
the  science. 

To  this  edition,  a  tenth  copper  plate  is  annexed ;  and  a 
number  of  wood  cuts,  from  accurate  drawings  by  Mr.  Joseph 
Farey,  are,  for  the  first  time,  interspersed  through  the  work, 
wherever  it  appeared  to  me  that  the  subject  required  such  il- 
lustration. Among  tlie  Tables,  in  the  Appendix  to  the  Second 
Volume,  is  inserted  one  of  Chemical  EquivaleniSy  the  num- 
bers of  which,  whenever  they  differ  from  those  in  the  body 
of  the  work,  are  to  be  regarded  as  most  worthy  of  confidence. 
In  the  Addenda,  too,  will  be  found  notices  of  recent  disco- 
veries, to  the  latest  period  which  the  publication  would  permit. 

Although  no  pains  have  been  spared  to  render  these  volumes 
a  faithful  abstract  of  the  present  state  of  Chemistry,  yet  it 
is  more  than  probable  that  errors  and  omissions  will  still  be 
detected  in  them.  In  rectifying  these,  I  hope  to  be  assisted 
by  a  continuance  of  those  candid  criticisms,  both  through 
iniblic  and  private  channels  of  communication,  by  which  I 
have  ahready  greatly  benefited. 

ManchcitfTt  April,  1823. 
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INTRODUCTION. 


Natdhai  Philosophy,  in  iu  most  extensive  sen^e,  k  a 
Urra  comprehending  every  science,  tliat  has  for  iU  objects 
the  properiics  and  aifoclioiiB  of  matter.  But  il  iias  attained, 
by  tlie  sanction  of  common  language,  a  more  limited  signiH- 
cation;  ond  chemistry,  though  Ktriclly  a  branch  of  natural 
philosophy,  iu  generally  regarded  as  a  distinct  science.  Be- 
tween the  two  it  may,  perhaps,  be  difficult  to  mark  out  pre» 
ciitely  the  line  of  separation :  but,  an  obvious  character  of  the 
facts  of  natural  philosophy  is,  that  they  are  always  attended 
with  sensible  motion ;-  und  the  determination  of  the  laws  of 
motion  is  peculiarly  the  office  of  its  cultivators.  Chemical 
changes,  on  the  other  hand,  of  the  most  important  kind,  often 
take  place  without  any  apparent  motion,  cither  of  the  mass,  or 
of  its  minute  parts;  and  where  the  eye  is  unable  to  perceive 
tliat  any  change  has  occurred.  Tiie  laws  of  gravitation,  of 
cciitrul  forces,  and  all  the  other  powers  thai  fall  under  the 
cognizance  of  the  natural  philosopher,  produce,  at  most,  only 
a  change  of  place  in  the  bodies  that  obey  their  influence. 
But,  in  chemical  changes,  we  may  always  observe  an  impor- 
tant difference  in  the  properties  of  things ;  their  appearances 
and  qualities  ore  completely  altered,  and  their  individuality  de- 
stroyed. Thus,  two  highly  corrosive  and  deleterious  sub- 
itanceBj  by  uniting  chemically  together,  may  become  mild  and 
harmless ;  tlie  combination  of  two  colourless  substances  may 
pretcot  us  witli  a  compound  of  brilliant  complexion ;  and  tho 
nnion  of  two  Quids,  with  a  compact  and  solid  moss. 


Xii  INTRODUCTION. 

Chemistry,  tliercfore,  mny  be  defined,  tliat  science,  tlie  ob- 
ject of  whicli  is  to  discover  niid  explain  tlie  changes  of  com- 
position that  occur  nniong  the  integrant  and  constituent  parla 
ofdilTereiit  bodies.* 

From  this  definition,  it  may  readily  be  conceived,  how 
wide  is  the  ran<re  of  chemical  inquiry;  and,  by  applying  it  la 
the  various  events  that  daily  occur  in  the  order  of  nature,  wc 
shall  be  enabled  to  separate  them  with  accuracy,  and  to  allot, 
to  the  sciences  of  natural  philosophy  and  chemistry,  the  proper 
objects  of  the  cultivation  of  each.  Whenever  a  change  of 
place  is  a  necessary  part  of  any  event,  we  shall  call  in  the  aid 
of  the  former.  When  this  condition  mny  be  dispensed  with, 
we  shall  resort  lo  chemistry  for  the  light  of  its  principles. 
But  it  will  be  oflcn  found,  that  the  concurrence  of  the  two 
sciences  is  essential  to  the  full  explanation  of  phenomena. 
The  water  of  the  ocean,  for  example,  is  raised  into  the  atmo- 
sphere by  its  chemical  combination  with  the  matter  of  heat ; 
but  the  clouds,  that  are  thus  formed,  maintain  their  elevated 
situation  by  virtue  of  a  specific  gravity  inferior  to  lliat  of  the 
lower  regions  of  the  air, — a  law,  the  discovery  and  application 
of  which  arc  due  to  the  natural  philosopher,  strictly  so  called. 

It  has  not  been  unusual  to  consider  chemistry,  under  the 
twofold  view  of  n  science  and  of  an  art.  This  arrangment, 
however,  appears  to  have  had  its  origin  in  an  imperfect  dis- 
crimination between  two  objects,  that  are  essentially  distinct. 
Science  consists  of  assemblages  of  facts,  associated  together  in 
clowes,  according  to  circumstances  of  resemblance  oranalogj'. 
The  business  of  its  cultivators  is,   first,  to   investigate    and 


*  The  reader,  «h«  wjaliM  (ucumiae  other  Uofiiiitioniorchamisrrj,  will 
fiudavirietjr  of  them,  collected  b;  Dr.  Black,  in  llie  first  rtiluua  uf  tui 
*'  Lecluro,"  publiibed,  mice  iiis  Jealli,  by  Froreiior  Itobisou, 
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estiUish  indlvidnal  truths,  either  by  the  careful  observation 
of  oatoral  appearances,  or  of  new  and  artificial  combinations 
ofpbenoniena  produced  by  the  instruments  of  experiment* 
Tbe  next  step  is  the  induction,  from  well  ascertained  facts, 
of  general  principles  or  laws,  more  or  less  comprehensive  in 
dKir  extent,    and    serving,   like  the  classes   and  orders  of 
fiitaral  history,  the  purposes  of  an  artificial  arrangement.    Of 
sBch  a  body  of  facts  and  doctrines,  the  science  of  chemistry 
is  composed.       But   the  employment  of  the  artist  consists 
oerdj  in  producing  a  given  effect,  for  tlie  most  part  by  the 
sde  guidance  of  practice  or  experience.     In  the  repetition  of 
processes,  he  has  only  to  follow  an  established  rule ;  and,  in 
tbc  improvement  of  his  art,  he  is  benefited  generally  by  for- 
tuitous combinations,  to  which  he  has  not  been  directed  by 
anv  general  axiom.     An  artist,  indeed,  of  enlarged  and  en- 
iigfatened  mind,  may  avail  himself  of  general  principles,  and 
may  employ  them  in  perfecting  established  operations :    but 
the  art  and  the  science  are  still  marked  by  a  distinct  boun- 
dary.   In  such  hands,  they  are  auxiliaries  to  each  other ;  the 
one  contributing  a  valuable  accession  of  facts ;  and  the  other,  in 
return,  imparting  fixed  and  comprehensive  principles,  which 
umplify  the  processes  of  art,  and  direct  to  new  and  important 
practices. 

The  possession  of  the  general  principles  of  chemistry  en- 
ables us  to  understand  the  mutual  relation  of  a  great  variety 
of  events,  that  form  a  part  of  the  established  course  of  nature. 
It  unfolds  the  most  sublime  views  of  the  beauty  and  harmony 
of  the  universe ;  and  developes  a  plan  of  v^st  extent,  and  of 
uninterrupted  order,  which  could  have  been  conceived  only 
by  perfect  wisdom,  and  executed  by  unbounded  power.  By 
withdrawing  the  roindj  also,  from  pursuits  and  amusements 
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that  excite  the  imaginationi  its  inveetigatioiig  ihay  tend^  in 
common  with  the  rest  of  the  physical  sciences,  to  the  improve- 
ment  of  oar  intellectual  and  moral  habits;  to  strengthen  the 
feculty  of  patient  and  accurate  thinking ;  and  to  substitute 
placid  trains  of  feeling,  for  those  which  are  too  apt  to  be 
awakened  by  the  contending  interests  of  men  in  society,  or 
the  imperfect  government  of  our  own  passions. 

The  class  of  natural  events  that  call  for  the  explanation 
of  chemical  science,  is  of  veiy  considerable  extent ;  and  the 
natural  philosopher  (using  this  term  in  its  common  accepta- 
tion) is  wholly  incompetent  to  unfold  their  connexion.  He 
may  explain,  for  example,  on  the  principles  of  his  own  science, 
the  annual  and  diurnal  revolutions  of  the  Earth,  and  part  of 
the  train  of  consequences  depending  on  these  rotations.  But 
here  he  must  stop :  and  the  chemist  must  trace  the  effects,  on 
the  Earth's  surface,  of  the  caloric  and  light  derived  from  the 
sun;  the  absorption  of  caloric^by  the  various  bodies  on  whi9h 

m 

it  falls;  the  consequent  fluidity  of  some,  and  volatilization  of 
others;  the  production  of  clouds,  and  their  condensation  in 
the  form  of  rain ;  and  the  effects  of  this  rain,  as  well  as  of  the 
sun's  heat^  on  the  animal,  vegetable,  and  mineral  king- 
doms. In  these  minuter  changes,  we  shall  find,  there  is  not 
less  excellence  of  contrivance,  thnn  in  the  stupendous  move- 
ments of  the  planetary  system.  And  they  interest  us  even 
more  nearly ;  because,  though  not  more  connected  with  our 
existence  or  comfort,  yet  they  are  more  within  our  sphere  of 
observation ;  and  an  ^acquaintance  with  their  laws  admits  of 
a  more  direct  application  to  human  affairs. 

There  is  another  branch  of  knowledge  (that  of  natural  his- 
tory), which  is  materially  advanced  by  the  application  of  che- 
mical science,    llie  classifications  of  the  naturalist  are  derived 
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from  An  examination  and  comparison  of  the  external  Furms, 
both  of  animate  and  inanimate  bodies.  He  distributes  the 
whole  range  of  nature  into  three  great  and  comprehensive 
kinf^otns, — the  animal,  the  vegetable,  and  the  mineral.  Each 
of  these,  again,  is  subdivided  into  several  less  extensive  classes ; 
and  individual  objects  are  referred  to  their  place  in  the  system, 
by  the  agreement  of  their  characters,  with  those  assigned  lo 
the  class,  order,  and  genus.  In  the  different  departments  of 
natural  history,  these  resemblances  vary  in  distinctness,  in 
racility  of  observation,  and  in  certainty  of  description.  Thus, 
the  number  and  disposition  of  the  parts  of  fructification  in 
vegetables  afford  marks  of  discrimination,  which  are  well 
defined,  and  easily  ascertained.  But  minerals,  that  are  not 
possessed  of  a  regularly  crystallizal  form,  are  distinguished 
by  outward  qualities  that  scarcely  admit  of  being  accurately 
conveyed  by  language;  such  as  minute  shades  of  colour;  or 
trifling  diflerences  of  hardness,  transparency,  &c.  To  the 
evidence  of  these  loose  and  varying  characters,  that  of  the 
chemical  composition  of  minerals  has  within  the  few  past  years 
been  added;  and  mineralogy  has  been  advanced,  from  a  con- 
fused assemblage  of  its  objects,  to  the  dignity  of  a  well  me- 
thodized and  scientific  system.  ]n  the  example  of  crystal  h'zed 
bodiec,  the  correspondence  between  external  form  and  chemi- 
cal composition,  has  been  most  successfully  traced  by  the 
genius  of  Haiiy ;  whose  method  of  investigation  has  enabled 
him,  In  numerous  instances,  to  anticipate,  from  physical  cha- 
racters, the  results  of  the  most  skilful  and  laborious  analysis. 

It  is  umieccesary  to  pursue  this  part  of  the  subject  to  a 
greater  extent;  because,  to  oil  who  have  been  in  the  habit  of 
pliiloaophical  Investigation,  the  connexion  bclwecn  the  sciences 
mtist  be  Eufficiently  apparent ;  and  because  there  is  another 
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ground}  on  which  chemistry  is  more  likely  to  claimi  with  sue- 
cesS}  the  respect  and  attention  of  the  great  mass  of  mankind. 
This  is,  its  capacity  of  ministering  to  our  wants  and  our 
luxuries^  and  of  instructing  us  to  convert  to  the  ordinary 
purposes  of  life^  many  substances  which  nature  presents  to  us 
in  a  rude  and.usciess  form.  The  extraction  of  metals  from 
tbeir  ores ;  the  conversion  of  the  rudest  materials  into  the 
beautiful  fabrics  of  glass  and  porcelain;  the  production  of 
wine,  ardent  spirits,  and  vinegar ;  and  the  dyeing  of  linen, 
cotton,  and  woollen  manufactures, — are  only  a  few  of  the  arts 
that  are  dependent  on  chemistry  for  their  improvement,  and 
even  for  their  successful  practice. 

It  cannot,  however,  be  denied,  that  all  the  arts,  which  have 
been  mentioned,  were  practised  in  times  when  the  rank  of  che- 
mistry, as  a  science,  was  extremely  degraded ;  and  that  they 
are  the  daily  employment  of  unlettered  and  ignorant  men. 
But  to  what  does  this  confession  amount;  and  howfiur  does 
it  prove  the  independence  of  the  above  arts  on  the  sdence  of 
chemistry  ? 

..  The  skill  of  an  artist  is  compounded  of  knowledge  and  of 
manual  dexterity.  The  latter,  it  is  obvious,  no  science  can 
teach.  But  the  acquirement  of  experience,  in  other  words,  a 
talent  for  the  accurate  observation  of  facts,  and  the  habit  of 
arranging  facts  in  the  best  manner,  may  be  greatly  facilitated 
by  the  possession  of  scientific  principles.  Indeed,  it  is  hardly 
possible  for  any  one  to  frame  rules  for  the  practice  of  a  cbe- 
mical  art,  or  to  profit  by  the  rules  of  others,  who  is  unao- 
quwited  with  the  general  doctrines  of  the  science.  For,  in 
all  rules,  it  is  implied,  that  the  promised  efiect  will  only  take 
place,  when  circumstances  are  precisely  the  same  as  in  the 
case  under  which  the  rule  was  formed.    To  ensure,  an  un^r- 
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lag  DDJfiinnity  of  result,  the  fabstaooes,  employed  ia  die* 

liol  procesaesy  must  be  of  uniform  compoeition  and  excd- 

loce;  oTy  when   it  is  not  possible  to  obtain  them  thus  mw 

m^  the  artist  should  be  able  to  judge  predsdy  of  the 

Udf  that  he  may  proportion  his  agents  according  to  their 

fniities.      Were   chemical  knowledge  more  genendly  pos* 

ned,  we  should  hear  less  c^  fiulures  and  disappointments  in 

(kflaical  operations ;  and  the  artist  would  commence  hit  pnn 

cBBdings,  not,  as  at  present,  with  distrust  and  uncertaintyt 

iat  with    a   ccmfident   and  well  grounded   expectation  of 


It  will  scarcely  be  contended,  that  any  one  of  the  arts  has 
Uiherto  attained  the  extent  of  its  possible  perfection.  In  all, 
tkcren  yet  a  wide  scope  for  improvement,  and  an  extensive 
nage  far  ingenuity  and  invention.  But  from  what  class  of 
nea  are  we  to  expect  useful  discoveries?  Are  we  to  trust,  as 
Udieno,  to  the  favour  of  chance  and  accident :  to  the  for- 
tsitoos  success  of  those  who  are  not  guided  in  their  experi- 
aeoti  by  any  general  principles?  Or  shall  we  not  rather 
endeavour  to  inform  the  artist,  and  induce  him  to  substitute, 
far  fague  and  random  conjecture,  the  torch  of  induction  and 
ofrstioaal  analogy?  In  the  present  imperfect  state  of  his 
imowledge^  the  artist  is  even  unable  fully  to  avail  himself  of 
those  fOTtunate  accidents,  by  which  improvements  sometimes 
oocor  in  his  processes ;  because,  to  the  eye  of  common  obser- 
vBUon,  be  may  have  acted  agreeably  to  established  rules,  and 
have  varied  in  circumstances  which  he  can  neither  perceive  nor 
sppredate.  The  man  of  science,  in  these  instances,  sees  more 
deeply,  and,  by  availing  himself  of  a  minute  and  accidental 
difierence,  contributes  at  once  to  the  promotion  of  his  own 
interest,  and  to  the  advancement  of  his  art. 

VOL.  1.  b 


iSiii  it  ii  th«  Ukfioii  df  fhedty  with  practlte  Ihftt  IntHmit- 
t6M\eh)8«i.  And  <<  ^heh  tbebmitel  kticndcidgfe  iikid  tM6- 
fliiitl  iikill  iA^  h^pp^iy  cdiribhied  ill  the  tatne  persoii,  the  itttel- 
KMil4l  j(kmt  hfrnkn  ippeaH  iti  it^  foil  ^Hectloh,  tod  eqtmHjf 
9iti  hiM  to  ccmdaiH^  With  a  mastei-Iy  hiiiid,  the  detaib  of  ordi- 
fiitf  fkttlii^  and  to  contend  8u<%enfUlly  with  the  tmtritsd 
difflfealitbiofiiew  atid  p^tple^cing  situaticms.  In  cohdnctittg 
tfi6  l&rtoer,  nid%  bk|k*ri6nc^  may  frequently  b^  H  snffleient 
l^i(ie\  but  ex|klK^nee  imd  sp^culAttod  mnst  be  ^ml^ned  to 
iU-efnU^  tis  lb)*  the  IktUfr.''  *  '<  Expert  men,''  say§  LMnI 
Bacon,  **  can  execute  and  judge  of  particulars  one  by  oM  \ 
Mi  ttib  g^^rti  ddnnsds,  tod  the  plbtS)  tod  the  matBbalUng 
lik  liffliirs;  bdnle  beit  ftotil  those  that  iirb  lemti^'^ 

Thik  redohunendation  to  artists^  of  the  acquirement  of  tet* 
^tlife  Idio^ledgi^i  h  happily  stoctioned  by  thift  illttstriooi 
ittcobj,  ib  btjr  own  day<^  of  th«  application  df  theory  to  ibe 
firiictfie  df  deHain  arts.  F^  p^fseiis  ure  ignoHuit  of  the  be^ 
iJ^Bt^i  tH&i  baVe  tesnhed  to  the  nnmofiictd^  of  this  eovntty, 
fltikil  Ihe  iilTentioris  of  lilr.  Watt  and  Mn  Wedgwood  ^  both 
oFiil^bhi  haVe  been  iiot  less  btoefkctbrs  is(  phtlosopby  than 
Mihetit  Tar  practical  skill.  The  former^  by  a  dear  insist 
thto  the  do^rihe  of  latent  heat,  resulting,  in  a  great  ^meaaar^ 
IFoth  bis  own  atnteness  and  patience  of  inreitigatioii,  and 
i^fiiUided  by  an  uniiAud  share  of  mechtoical  ricill^  haft  perhaps 
brdiEigfat  ihil  steam-etogin^  to  its  aethe  of  perfection.  Mr« 
Wedgwood,  aided  by  the  possession  of  extensive  chemical 
tiibii^ledg^,  nii^e  ^apid  advances  in  the  improTem^it  of  tM 
Ah  df  niiiniifadturihg  pbfcdain ;  and,  besides  raising  faimsdf 
^  ^^l  dpnitoce  tod  distinction,  has  citMted  for  his  ooontry 

t^-^'*  ""''     •  '■'■   ■  '--• -^-^ — — - 

*  Stewart's  Elements  of  tils  Philotophj  of  tbs  HmDan  Mind,  chi^.  it. 
sect.  7, 


M^lMtrce  of  most  profitable  and  extensive  fndustry.  In  an 
W;  tito,  which  is  nearly  connected  with  the  manufactures  of 
Mlown  town,*  and  the  improvement  of  whicli  must,  thcr&- 
§Khi  "  come  borne  to  our  business  and  bosoms,"  we  owe  un- 
iptiduible  obligations  to  two  speculative  chemists, — to  Scheele, 
Mb  first  discovered  chlorine;  and  to  BerthoIIet,  who  first  iiv- 
Sribeted  us  in  its  application  to  the  art  of  bleaching. 
"  Examples,  however,  may  be  urged  against  indulgence  in 
^tHryi  and  instances  are  not  wanting,  in  which  the  love  of 
^feenlatirc  refinement  has  withdrawn  men  entirely  from  the 
4r>i^t  path  of  useful  industry,  und  led  them  on  graduall; 
tt  the  ruin  of  their  fortunes.  But  from  such  instances,  it 
*Mld  be  nnSiir  to  deduce  a  general  condemnation  of  theo- 
i*tien!  knowledge.  It  would  be  the  common  error  of  arguing 
kgainst  things  that  nre  useful,  from  their  occasional  abuse. — 
In  troth,  projects  which  have,  for  theiu  foundation,  a  depend- 
ence on  chemical  principles,  may  be  undertaken  with  n  more 
rational  confidence,  than  such  as  have  in  view  the  accompllsfa- 
ment  of  mechanical  purposes;  because,  in  chemistry,  we  are 
better  able,  than  in  mechanics,  to  predict,  from  an  experi- 
ment on  a  small  scale,  the  probable  issue  of  more  extensive 
attempts.  No  one,  from  the  successful  (rial  of  a  small  ma- 
ctiine,  cnn  affirm,  with  unerring  certainty,  that  the  same  snc- 
tvsi  will  attend  one  on  a  grcutly  enlarged  plan ;  because  the 
amount  of  the  resistances,  that  are  opposed  to  motion,  iti- 
CT«»es  often  in  a  rath  greater  than,  from  theory,  could  ever 
have  bom  foreseen.  But  the  same  law,  by  which  the  mineral 
alkali  it  extracted  from  a  pound  of  common  salt,  must  equally 
operate  on  a  thonannd  times  the  quantity ;  and,  even  when  we 

•   Muichcsler ;    where  the  snbstaiice  of  lliii  diicourio  wut  origiiuUv 
ri^Jinrcd  as  ui  iutroductorjr  lecture. 
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angment  oor  quantities  in  this  immense  degree^  the  chemical 
affinidesy  by  which  so  large  a  mass  is  decomposed,  are  exerted 
only  between  very  small  particles.  The  failures  of  the  me- 
chanic, therefore,  arise  from  the  nature  of  things ;  they  occur, 
because  he  has  not  in  his  power  the  means  of  foreseeing  and 
calculating  the  causes  that  produce  them.  But,  if  the  chemist 
fiul  in  perfecting  an  economical  scheme  on  a  large  scale,  it  is 
either  because  he  has  not  sufficiently  ascertained  his  &cts  on 
a  small  one,  or  has  rashly  embarked  in  extensive  speculations, 
without  having  previously  ensured  the  accuracy  of  his  esti- 
mates. 

The  benefits  which  we  are  entitled  to  expect  from  the  efforts 
of  the  artist  and  the  man  of  science^  united  in  one  person, 
and  at  the  same  time  tempered  and  directed  by  prudential 
wisdom,  affect  not  only  individual  but  national  prosperity.  To 
the  support  of  it^  distinction,  as  a  commercial  nation,  this 
country  is  to  look  for  the  permanency  of  its  riches,  its  power, 
and,  perhqM,  even  of  its  liberties ;  and  this  pre-eminence  is 
to  be  maintained,  not  only  by  local  advantages,  but  on  the 
more  certain  ground  of  superiority  in  the  productions  of  its 
arts.  Impressed  with  a  full  conviction  of  this  Influence  of 
the  sciences,  a  neighbouring  and  rival  people  have  offered  the 
most  public  and  respectful  incitements  to  the  application  of 
theory  in  the  improvement  of  the  chemical  arts ;  and,  with 
the  view  of  promotmg  this  object,  national  institutions  have 
been  formed  among  them^  which  have  been  already,  in  several 
instancesy  attended  with  the  most  encouraging  success.  It  may 
be  sufficient^  at  present,  to  mention,  as  an  example^  that 
France^  during  a  long  war,  supplied,  from  her  own  native 
resources,  her  enormous,  and,  perhaps,  unequalled  consump- 
tion of  nitre. 
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^■'Tie  general  uses  of  chemistry  have  been  thus  fully  en- 
larged upon,  because  it  is  a  conviction  of  (he  utility  of  the 
science,  that  can  alone  recommend  it  to  attentive  and  per- 
severing study.  It  may  now  be  proper  to  point  out,  in  detail* 
a  few  of  its  more  striking  applications. 

I.  The  art  which  is,  of  all  others,  the  most  interesting,  from 
ils  nibserviency  to  wants  that  arc  interwoven  with  our  nature, 
iSAosicuLTtTRE,  Or  the  art  of  obtaining,  from  the  earth,  the 
largest  crops  of  useful  vegetables  at  the  smallest  expense. 

The  v^etable  kingdom  agrees  with  the  animal  one,  in  the 
possession  of  a  living  principle.  Every  individual  of  this 
liingdom  is  regularly  organised,  and  requires  for  its  support  an 
unceasing  supply  of  food,  which  is  converted,  as  in  the  animal 
body,  into  substances  of  various  forms  and  qualities.  Each 
plant  has  iu  periods  of  growth,  health,  disease,  decay,  and 
iluth ;  and  is  aflfectcd,  in  most  of  these  particulars,  by  the 
farying  condition  of  external  circumstances.  A  perfect  state 
iif  agricultural  knowledge  would  require,  therefore,  not  only 
a  minute  acquaintance  with  the  structure  and  economy  of 
vegetables,  but  with  the  nature  and  effects  of  the  great  variety 
of  extertinl  agents,  that  contribute  to  their  nutriment,  or  in- 
fiaence  their  state  of  heaUli  and  vigour.  It  can  hardly  be 
expected,  that  the  former  attainment  will  ever  be  generally 
made  by  practical  farmers ;  and  it  is  in  bringing  the  agricul- 
turist ncquainled  with  the  precise  composition  of  soils  and 
manures,  that  chemistry  promises  the  most  solid  advantages. 
Indeed,  any  knowledge  that  can  be  acquired  on  this  subject* 
without  the  aid  of  chemistry,  must  be  vague  and  indistinct 
and  can  neither  enable  its  possessor  to  produce  an  tntoided 
rfFect  with  certainty,  nor  be  communicated  to  others  la  Ua- 
guage  sufficiently  intelligible.     Thus  we  are  told,   by  Mr. 


Arthur  Young,  th^t,  in  some  parts  of  England)  any  loose 
6kg  is  called  marl,  in  others  marl  is  called  chalk,  and  in 
others  clay  is  called  loam.  From  so  confused  an  application 
of  terinsy  all  general  benefits  of  experience  in  agriculture  must 
be  greatly  limited. 

Chemiatry  may^  to  agriculturists^  become  a  universal  lan- 
gni^ge^  in  which  the  fieusts,  that  are  observed  in  this  art,  may 
\ji^  so  dothed)  as  to  be  intelligible  to  all  ages  and  nations.  It 
would  h^  desirable^  for  example,  when  a  writer  speaks  of  clay, 
lotn^  or  marl|  that  he  should  explain  his  conception  of  these 
terms^  by  stetix^  the  chemical  composition  of  each  substance 
expressed  by  them.  For,  all  the  variety  of  soils  and  manures, 
^nd  all  the  diversified  productions  of  the  vegetable  kingdom, 
ace  capable  of  being  resolved,  by  chemical  analysis,  into  a 
SQiall  number  of  elementary  ipgredients.  The  formation  of  a 
wdl  defined  language,  expressing  the  proportion  of  these 
elements  in  the  various  soils  and  manures,  now  so  vaguely 
characterized,  would  give  an  accuracy  and  precision,  hitherto 
inknowttf  to  die  experience  of  the  tillers  of  the  earth. 

It  has  been  said,  hy  those  who  contend  for  pure  empiricism 
in  the  art  of  agriculture,  that  it  has  remained  stationary, 
iiotwitbstfnding  all  inaprovements  in  the  sciences,  for  more 
thm  two  thousand  years.  <<  To  refiite  this  assertion,'*  says 
Mff.  Khrwan,  **  we  need  only  compare  the  writings  of  Cato, 
Cfl)umel}at  or  PUny,  with  many  modem  tracts,  or  still  better, 
with  the  modem  practice  of  our  best  farmers."— <<  If  the 
fVliet  oonqfixioQ  of  effects  with  their  causes,"  he  adds,  <<  has 
lift  b^en  ■>  fuUy  and  extensively  traced  in  this  as  in  other 
lnlV^Ptilb  w^  muat  attribute  it  to  tlie  peculiar  difficulty  of  the 
iOTp»igfttW>»    J^  9(ber  subjects,  exposed  to  the  j<nnt  opera- 
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tiou  of  many  csum*,  tlte  cf&ct  ul  eacli,  Kingly  aiwl  cxclusiveljr 
Ukeo,  may  be  parlicularjy  examined,  and  the  experimenter 
nuy  vork  in  his  laboratory,  witli  tlie  abject  aJways  in  his 
view.  But  the  secret  processea  of  vegetation  take  place  in  the 
>Wfc,  exposed  to  the  various  and  indeterminable  influences  of 
tiie  atmiwpbere,  and  require,  at  least,  half  a  year  for  their 
conpletioo.  Hence  the  difficulty  of  determining  on  what 
peculiar  circumstance  success  or  failure  depends;  for,  (be 
iliverai^ed  experience  of  many  years  can  alone  afford  a  ra- 
Uon»]  ibuiulatkui  fur  sulid,  specific  conclusions."  * 


U.  To  those  who  study  mbdicinb  as  a  branch  of  geoeral 
Kieiice,  or  with  the  more  important  view  of  practical  utility, 
(iumtsUy  may  be  recopimendcd  willi  peculiar  force  and  pro- 
priety.— The  animal  body  may  be  r^arded  as  a  living  ma- 
chine, obeying  the  same  laws  of  motion  as  are  daily  cxemph- 
&ed  in  the  productions  (ri*  human  art.  The  arteries  are  lon^, 
flexible,  and  elastic  canals,  admitting,  in  some  measure,  the 
■ppljcation  of  the  doctrine  of  hydraulics;  and  the  muscles  are 
w  many  levers,  of  precisely  the  same  effect  with  those  which 
are  employed  to  gain  power  in  mechanical  contrivances. 
But  there  is  another  view,  in  which,  with  equal  justice,  the 
livii^  body  may  be  contemplated.  It  is  a  Juboratory,  in 
which  are  constantly  going  forward  processes  of  various  kinds, 
difieodant  on  the  operation  of  chemical  affinities.  The  con- 
veraon  of  the  various  kinds  of  food  into  blood,  a  fluid  of  com- 
paratively uniform  composition  and  qualities ;  the  producUoti 
of  animal  beat  by  the  action  of  the  air  on  that  fluid,  aa  it 
a  through  the  longs ;  and  the  changes,  which  the  Uood 
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afterwards  undergoes  in  its  course  through  the  body»— are  all^'is 
exdnsiTdyy  subjects  of  chemical  inqoiiy.  To  these,  and  ij 
many  other  questions  of  physiology,  chemistry  has  of  late  ^ 
years  been  applied  with  the  most  encouraging  success;  and  ^ 
it  is  to  a  long  continued  prosecution  of  the  same  plan,  that  ,^ 
we  are  to  look  for  a  system  of  physiological  science^  whidi  \ 
shall  derive  new  rigour  aiid  lustre  from  the  passing  series  of  , 
years. 

It  must  be  acknowledged,  however,  as  has  been  observed 
by  Sir  H.  Davy,*  that  ^^  the  connexion  of  chemistry  with 
physiology  has  given  rise  to  some  visionary  and  seductive 
theories ;  yet  even  this  circumstance  has  been  useful  to  the 
public  mind,  in  exciting  it  by  doubt,  and  in  leading  it  to 
new  investigations*  A  rqiroach,  to  a  certain  d^pree  just,  has 
been  thrown  upon  those  doctrines  known  by  the  name  of 
chemical  physiology ;  for,  in  the  applications  of  them,  spe- 
culative philosophers  have  been  guided  rather  by  the  ana* 
logies  of  words  than  offsets.  Instead  of  endeavouring  slowly 
to  lift  up  the  veil,  which  conceals  the  wonderful  phenomena  of 
living  nature ;  full  of  ardent  imaginations,  they  have  vainly 
and  presumptuously  attempted  to  tear  it  asunder/' 

III.  There  is  an  extensive  class  of  arts,  forming,  when 
viewed  collectively,  a  great  part  of  the  objects  of  human 
industry,  which  do  not,  on  a  loose  and  hasty  observation, 
present  any  general  principle  of  dependency  or  connexion. 
But  they  apiiear  thus  disunited,  because  we  have  been  accus- 
tomed to  attend  only  to  the  productions  of  these  arts,  which 
are^  in  truth,  subservient  to  widely  different  purposes.     Who 


•  In  his  eloquent  "  Discourse,  Introductory  to  a  Course  of  Lecturesi'' 
Ice    Londoo.    Johnson.    1809. 
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"■U  eoooeiTe,  for  insunce,  that  iron  and  common  salt ;  the 
«et  metal,  the  use  of  which  results  from  iu  hardnessi  dnc« 
*r,  and  malleability ;  this  other  a  subsUnce,  chiefly  valuable 
im  ite  acdnf^  as  a  preservative  and  seasoner  of  food,— ar« 
fcRtthed  by  arts  alike  dependent  on  the  general  principles  of 
*austry  ?  The  application  of  science,  in  discovering  the 
Fociples  of  these  arts,  constitutes  what  has  been  termed 
mmoxicAL  chbmistry;  amongst  the  numerous  objects  of 
vikich,  the  following  stand  most  distinguished : 

Irt.  Meiallfirgyf  or  the  art  of  extracting  metals  from  their 
iRs,  comprehending  that  of  Assayings  by  which  we  are 
osUed  to  judge,  from  tlie  composition  of  a  small  portion,  of 
die  propriety  of  working  large  and  extensive  strata.  To  the 
aetsllnrgist,  also,  belong  the  varions  modifications  of  the 
metals  when  obtained,  and  the  union  of  them  together,  in 
iliflerent  proportions,  so  as  to  ailbrd  compounds  adapted  to 
particular  uses. — Throughout  the  whole  of  this  arr,  much 
pnctical  improvement  may  be  suggested  by  attention  to  the 
general  doctrines  of  chemistry.  The  artist  may  receive  us^ 
fill  hints  respecting  the  construction  of  furnaces  for  the  fusioil 
of  ores  and  metals;  the  employment  of  the  proper  fluxes;  the 
otility  of  the  admission  or  exclusion  of  air ;  and  the  con- 
version of  the  refuse  of  his  several  operations  to  useful  pur« 
poses.  When  the  metals  have  been  separated  from  their 
ores,  they  are  to  be  again  subjected  to  various  cheniical  pro* 
cesses.  Cost  or  pig  iron  is  to  be  changed  into  the  forms  of 
wrought  or  malleable  iron  and  of  steel.  Copper,  by  com* 
bimition  with  zinc  or  tin,  aflbrds  the  various  compounds  of 
brass,  pinchbeck,  bell-metal,  gun-metal,  8cc.  Even  the  art  of 
printing  owes  something  of  its  present  unexampled  perfection 
to  the  improvement  of  the  metal  of  types. 
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iStd.  d^emuftry  is  the  foundadon  of  thoie  arU  that  fumlih 
us  with  saline  substance  an  order  of  bodies  highly  useful  iii 
the  business  of  coinmon  life.  Among  these*  the  most  ooa- 
spipuoin  are,  sugar  in  all  its  various  forms;  the  vegetable 
and  inineral  alkalis,  known  in  commerce  by  the  names  qf 
pptashf  pearlash,  and  barilla;  common  salt;  green  and  blue 
vitrjolf  and  alum;  nitre  or  saltpetre;  sugar  of  lead;  borax; 
and  a  long  catalogue,  which  it  is  needless  to  extend  fiurlher* 

8d.  The  manufacturer  of  glass^  and  of  various  kinds  of 
prtierjf  an4  porcelain^  should  be  thoroughly  acquainted  with 
ibfi  nature  of  the  substances  he  employs ;  with  their  fusibiUtyt 
as  afl^cted  by  differeooe  of  proportion^  or  by  the  admixiucs  of 
fiireign  ingredients ;  with  the  means  of  regulating  and  mear 
sunng  high  degrees  of  heat;  with  the  principles  on  which 
depend  the  hardness  of  his  products,  and  their  fitness  for 
bearii^  sudden  vicissitudes  of  heat  and  cold;  and  with  the 
chemical  properties  of  the  best  adapted  colours  and  glazingi«— 
Even  the  humble  art  of  making  bricks  and  tiles  has  leoeivedf 
from  the  chemical  knowledge  of  Bergman,  the  addition  of 
several  interesting  fiu:ts. 

4th.  The  preparatmn  of  various  kinds  o(  fermented  liquors^ 
of  wine^  and  ardent  ^irits,  is  intimately  connected  with  che- 
mical principles.  Malting^  the  first  step  in  the  pioductioa  of 
some  of  these  liquors,  consists  in  the  conversion  of  part  of  the 
griMii  into  saccharine  matter,  essential  in  most  instances  to  the 
sycpess  of  the  fermentative  change.  To  acquire  a  precise  ac- 
quaintance with  the  circumstances,  that  fiivour  or  retard  the 
process  of  fermentation,  no  small  share  of  chemical  know- 
ledge is  required.  The  brewer  should  be  able  to  o«^^«tniffi 
i)Im1  to  rqguiate  exactly^  the  strength  d[  his  infiision%  which 
will  vary  greatly  when  he  has  scemin^y  feUowed  the  mxB^ 
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He  should  be  aware  of  the  intluGtice  of  minute 
fl  of  temporaturt;  in  ret&rding  or  advancin)^  fennenUu 
tin;  of  the  means  of  promoting  it  by  proper  fernients;  and 
of  die  influence  of  the  presence  or  exclusion  of  atmospherical 
rib  A  complete  acquaintance  with  the  chemical  principles 
<!  fck  art,  can  hardly  fail  to  aliord  him  essential  aid  in  its 
pMtice. 

The  production  of  ardent  spirits  is  only  a  sequel  of  the 
ihaas  fermentation,  and  is,  tliercfore,  alike  dependent  on  the 
ItCbines  of  chemistry. 

ah.  The  arts  of  bleaching,  dyeing,  and  printing,  are, 
throughout,  a  tissue  of  chemical  operations.  It  is  not  unusual 
to  h»r  the  nev  mode  of  bleaching  distinguishe<l  by  the  ap- 
I>eUation  of  the  chemical  method ;  but  it  is,  in  trudi,  not  more 
tlq>endcnt  on  the  principles  of  this  science,  than  the  one  which 
it  has  superseded,  nor  than  the  kindred  arts  of  dyeing  and 
printiog.  In  tlie  instance  of  bleaching,  the  obligation  due  to 
tht  speculative  chemist  is  universally  telt  and  acknowledged. 
But  the  dyer  and  the  calico-printer  have  yet  to  receive  from 
the  philosopher  some  splendid  invention,  which  shall  command 
their  respect,  and  excite  their  attention  to  chemical  science. 
From  purely  speculative  men,  however,  much  less  is  to  be  ex- 
pected, than  from  men  of  enlightened  experience,  who  en* 
dettvqur  to  discover  the  design  and  reason  of  each  step  in  the 
pFDCcises  of  their  arts,  and  fit  themselves  lor  more  d&ctutd  ol^ 
fcrvation  of  particular  fucts,  by  ddigently  possessing  tfaem- 
"clves  oi  general  truths. 

The  objects  of  inquiry  that  present  themselves  to  th«  dyer 
■nd  calico-printer,  are  of  considerable  number  and  import- 
moe-  The  preparation  of  goods  for  the  rec^tion  of  colouring 
natter ;  the  application  of  the  best  bases,  or  aieans  of  fixing 
ItTt  eolotm ;  th«  tmprovettwnt  of  colouring  ingndMnli 
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themselves;  and  the  means  of  rendering  them  permanent^  ao a 
that  they  shall  not  be  affected  by  soap,  or  by  the  accidental  a 
contact  of  acids  or  other  corrosive  IxmUcs  ;  are  among  the  % 
subjects  of  chemical  investigation.  It  is  the  business  of  the  i 
dyer^  therefore,  toi)ecome  a  chemist;  and  he  may  be  assured  i 
that,  even  if  no  brilliant  discovery  should  be  the  reward  of  the  ] 
acquisition,  he  will  yet  be  better  fitted  by  it  for  conducting  • 
common  operations,  witli  certain  and  unvaried  success. 

6th.  The  tanning  and  preparation  of  leather  are  processes 
strictly  chemical,  which  were  involved  in  mystery,  till  they 
were  reduced  to  well  established  prmciples  by  the  researdies 
of  Seguin,  and  by  the  subsequent  experiments  of  Davy.  In 
this,  as  in  most  other  examples,  the  application  of  science  to 
the  practical  improvement  of  an  art,  has  to  encounter  the  ob* 
atades  of  ignorance  and  prejudice,  ^ut  the  interests  of  men 
are  sure  finally  to  prevail;  and  the  most  bigotted  attachment  to 
established  forms  must  give  place  to  the  clearly  demonstrated 
utility  of  new  practices.  Such  a  demonstration  is  generally 
furnished  by  some  artist  of  more  enlightened  views  than  his 
ndghbours,  who  has  the  spirit  to  deviate  from  ordinary  rules; 
and  thus  becomes  (not  nnfrequently  with  some  personal  sacri- 
fice) a  model  for  the  imitation  of  others,  and  an  important 
benefactor  of  mankind. 

Many  other  chemical  arts  might  be  enumerated;  but 
enough,  I  trust,  has  been  said,  to  evince  the  connexion  between 
practical  skill  and  the  possession  of  scientific  knowledge.  I 
shall  now,  therefore,  proceed  to  explain  the  principle  of  the 
arrangement  which  I  have  selected  for  the  following  work. 

The  order,  which  I  have  adopted  as  most  eligible,  is  to 
commence  with  those  facts,  which  conduct  directly  to  the 
estaUishment  of  general  principles.  Attraction  or  affinity,  as 
the  glenl  oioif  of  ellcbenucal  chaogesi  jmd  as  admitting  of 
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ihenomena  that  are  sufficiently  ratniiiar,  baa  a 
primary  claim  to  consideration.  The  developement  of  its  laws 
will  lead  too  to  the  explanation  of  a  number  of  terms,  without 
which  it  is  scarcely  possible  to  describe  the  most  common  che- 
mical appearances.  Next  to  that  of  attmction,  the  influence  of 
Heat)  over  thelbrms  and  properties  of  bodies,  is  the  most  gcnC' 
rally  obscr\ed  fact;  and  as  heat  isapower,  which  isconstantly 
opposed  to  ibat  of  afSnity,  there  is  the  more  propriety  in  con- 
Irasiiog  their  operation.  With  heat,  Light,  as  a  repulsive 
tgent,  is  frequently  associated.  Electricit}',  also,  belongs  to  the 
same  class  of  powers ;  and  has,  indeed,  such  an  extensive  con- 
Iroul  over  the  phenomena  of  Chemistry,  ns  to  have  supplied 
the  basis  of  a  division  of  bodies  into  two  great  and  compre- 
hensive  classes,  according  to  their  electrical  liabiludes.  When, 
for  example,  a  body  composed  of  two  elements  is  placed  between 
liurfaces  oppositely  electri6ed,  the  one  element  is  uniformly  at- 
tracted to  the  positive,  and  the  other  to  the  negative  surface. 
And  as  like  electricities  repel,  and  unlike  attract,  each  other, 
it  is  iuferred  that  the  clement,  which  arranges  itself  at  thepojj- 
Hue  pole,  is  naturally  in  a  state  of  negative  electricity,  and  the 
reverse  with  respect  to  the  other.  Hence  thedislribution  of  all 
lioilies  into  the  two  great  classes  of  Electro- Negative  and 

BO-PoSITIVE. 

this  arrangement,  it  may  be  objected  that  bodies,  which 
properly  ranked  in  the  electro -positive  division,  when 
considered  in  their  relations  to  substances  of  an  opposite  class, 
nererllieless  exert  a  contrary  energy  towards  bodies  of  the 
same  class  with  themselves.  This  is  distinctly  the  case  with 
Lhe  metals,  which,  though  all  electro-positive  towards  oxygen, 
ue,  in  many  cases,  electro-negative  towards  each  other ;  and 
lhe  same  exception  may  be  extended  to  a  variety  of  other 
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It  MMt  b6  tDOtMldteliMlf  fcii^isiF^r)  tbul  dflisincliiiMiiii 
tate  no  fodndotiioii  in  nalure,  atid  are  eiitirdj  the  woA  oflfi 
hmdan  roMNHi ;  tbat  'ihef  tare  metvty  ariifictai  contHvaneet  MiV 
tte  (ilir{MNie  of  amstiiifi^  OS  in  the  aeqniiianent  and  retentidnal 
of  kumrledge ;  and  mnst  partake  of  the  impeiffectiocw  of  dial 
hmnan  inventionft.  It  is  under  a  filll  ftense  then  of  its  defeeti^  t| 
that  I  adbpt  the  arrangement  foUowefl  in  this  work;  aiid  1 4, 
eMsider  it  onlj  M  a  provisidnal  one,  till  thfe  progrMs  bf  , 
idence  shall  hai^  unfolded  still  more  striluiif;  and  eonsislenl  , 
analogies*  i< 

Use  Etnirnlb-NtGATiTB  Boi:^ns,  at  presetit  known,  nit  { 
itt  tiiost  imljr  four;  nadiely,  OxtoiVf  Chlorivb,  lonikik,  , 
ind  FlcoHinb.  They  require,  therefore^  tio  sab-divisiob  into 
olrders,  or  genenu  Bnt  the  st*cTR<>-PosmTB  class  indodes 
§d  gteat  a  number  of  indhridnal^,  that  it  becomes  quite  nec^ 
siHnf  to  aid  the  memory  by  selecting,  firom  lonong  them,  re- 
aHdblances  which  may  be  the  foundation  of  les^  comprdicn^ 
site  diTtsions.  On  invcstigatihg  their  properties  and  combi- 
nations, it  will  be  found  that  several  of  them,  not  possessing 
tii^  qualities  of  metals  (#liich  aho  belong  to  the  electro-^xMi- 
tite  dass),  are  capable  of  forming  acids  by  combination  with 
otyged,  chlorine,  or  hydrogen.  These  may,  therefore,  be 
set  apart  under  the  general  name  of  SiiiPLB  AciniviABLB 
Bombs,  to  which,  as  a  few  of  tlMf  metals  are  also  acidiflable, 
asay  be  added,  for  greater  precision,  the  epithet  Non-MtrA  l- 
Lie.  They  are,  Htnaoonr,  NrraoosN,  Carbon,  Bobok, 
PflosFBORtm,  Sulphur,  and  SsLRifiuM.  In  describing  the 
pipoperties  of  each  individual  of  this  genus,  I  shall  first  exa* 
mine  its  relations  to  each  of  the  four  electro*negative  elements. 
This  Will  lead  to  an  early  exposition  of  the  nature  and  eflects 
of  Acids,  k  kind  of  compounds,  whidi  are  concerned  in  al- 
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M  aB  Uie  ti^entiCMte  of  CkettSMfj  lUtd  A  knowleclge  dF 
ilU  wffl  be  fbttiid  greidy  to  atsbt  in  dtotetc^ing  the  ptaper- 
feiof  Ae  Met^b.  Before  proceeding,  hdwever^  to  the  Me- 
^  liMBL  deibribe,  fer  the  sake  of  ooayentenc^  tfioogh  It 
Mj  be  less  confbrmiiUe  to  ftrictly  philowiphical  order,  Ae 
enmmiijos  o»  intepu  AetbiriAiiLB  Bonits  wrra  bacM 
mis.  Tbis  win  eneUe  me  to  introduce,  at  an  early  pieriod, 
te&tory  of  antmoniii;  of  tfie  toin)>6and8  of  hydrogen  witli 
d|Aar;  of  ^rAiiogen;  and  of  a  ie#  acids  with  ooinpoalid 
bita;  abd  thiia  to  rebdar  ttill  mcnle  complete  the  hUtbry  df 
fteMebda»  and  of  ih^  Oiid^;  for  most  of  these  havfe  un:. 
jXRtant  rdsdoinit  i)<>^  only  to  Uie  acids,  btit  to  the  cdnlpobiidb 
tf  sdd&llile  bodies  with  du^h  other. 

Hie  IfirrAus  themsdYes  coiisdtttte  the  remaiiling  Avikioh 
rfdiiliU'poiithre  bodies;  and  I  shall  Irtee  the  coiinectiofii  df 
Mh  of  thMi  Jtiid  dT  iti  6xides  with  the  fbar  dectiro-n^atfT^ 
bofies^ — 9whh  the  acids, — ^with  slnijplle  And  compound  aeidl- 
fiiUe  bodies, — and  finally,  With  other  metals.   It  is,  th^s^foire^ 
iaflie  secdOQ  deroted  to  eAcfa  individual  metat,  that  the  reader, 
nho  may  occaiionidijr  consult  these  volumes,  is  to  look  for  the 
Intory  of  die  saliflAUe  bases,  whether  alkalis,  earths,  or  mdrdy 
erides;  for  that  of  the  salts  formed  by  the  union  bfthe  dlf- 
fintit  bases  with  acids;  and  for  the  action  of  those  salts  on  all 
bodies,   the  properties  of  which  ihay  have  bec»i  described 
in  antecedent  chapters.       Of  the  metals,   I  have  tfdbptiia 
sob-divisions,    which  appear  to  me   sufficiently  to  classify 
tiiftf^  by  their  most-strildng  resemblances,  without  the  incon- 
venience of  those  multifarious  distinctions,  which  serve  rather 
to  oppress  than  to  assist  the  memory. 

So  fio*,  the  bodies,  which  will  have  been  introduced  to  the 
reader^s  notice,  bdong  neither  to  the  animal  nor  the  vq;e- 
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table  kiogdomsy  the  subjects  of  which  will  next  demand  ou: 
attention.  The  confines  between  these  kingdoms,  it  is  weL  ^ 
known,  havci  in  many  instances,  been  traced  by  the  hand 
jof  nature  so  indistinctly,  that  it  is  difficult  to  pronounce  to 
which  of  them  particular  individuals  ought  to  be  referred*^ 
Nor  are  we  always  relieved  from  the  difficulty,  by  appealing 
to  chemical  properties ;  for  it  frequently  happens  that  azotCf 
which  was  formerly  supposed  to  belong  exclusively,  or  nearly 
so,  to  animal  matters,  is  evolved  in  tlie  form  of  ammonia,  by 
the  destructive  decomposition  of  vegetables.  The  distinction, 
however,  between  animak  and  vegetables,  understood  in  its 
popular  sens^  is  sufficient  to  serve  as  the  basis  of  a  subordir 
nate  division  of  bodies,  till  improved  processes  of  analysis^ 
and  more  refined  and  extended  results,  shall  enable  us  to 
take  a  wider  survey  of  nature,  and  to  found  our  dassificalions 
on  the  true  constitution  of  bodies,  by  which  are  implied,  not 
only  the  kind  and  number  of  their  elementary  atoms,  but  the 
manner  in  which  they  are  grouped. 

Having  concluded  the  history,  both  of  inorganic  and  or- 
ganic bodies,  it  will  only  remain  to  lay  down  practical  rules, 
deduced  from  facts  and  principles  that  have  been  explained 
in  the  course  of  the  iKork,  for  solving  a  few  of  the  most  in- 
teresting  problems  in  Ch km ical  Analysis;  and  to  present, 
in  a  series  of  Tables,  synoptical  views  of  such  facts,  as  are 
best  exhibited  under  that  form. 
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EXPERIMENTAL  CHEMISTRY. 


PART  I. 


CHAPTER  I. 

OF  A   CHEMICAJL   LABORATORY  AND    APPARATUS. 

A  CHEMICAL  laboratory!  thoagh  extremely  usefuli  and 
even  essential,  to  all  who  embark  extensively  in  the  practice 
of  chemistry,  either  as  an  art,  or  as  a  branch  of  liberal  know- 
ledge, is  by  no  means  required  for  the  performance  of  those 
rimple  experiments,  which  furnish  the  evidence  of  the  funda- 
mental truths  of  the  science.  A  room  that  is  well  lighted, 
easily  ventilated,  and  destitute  of  any  valuable  furniture,  is 
all  thai  is  absolutely  necessary  for  the  purpose.  It  is  even  ad- 
Tiseable,  that  the  construction  of  a  regular  laboratory  should 
be  deferred,  till  the  student  has  made  some  progress  in  the 
science;  for  he  will  then  be  better  qualified  to  accommodate 
its  plan  to  his  own  peculiar  views  and  convenience. 

It  is  scarcely  possible  to  offer  the  plan  of  a  laboratory,  which 
will  be  suitable  to  every  person,  and  to  all  situations;  or  to 
suggest  any  thing  more  than  a  few  rules  that  should  be  gene- 
rally observed.  Different  apartments  are  required  for  the 
various  classes  of  chemical  operations.  The  principal  one 
may  be  on  the  ground  floor;  twenty-five  feet  long,  sixteen  ot 
eighteen  wide,  and  open  to  the  roof,  in  which  there  should 
be  contrivances  for  allowing  the  occasional  escape  of  suffo- 
cating vapours.  This  will  be  destined  chiefly  for  containing 
furnaces,  both  fixed  and  portable.  It  should  be  amply  fur- 
nished with  shelves  and  drawers,  and  with  a  large  table  in  the 
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centre,  the  best  form  of  which  is  that  of  a  doable  cross. 
Another  apartment  may  be  appropriated  to  the  minuter  ope- 
rations of  chemistry;  such  as  those  of  precipitation  on  a 
small  scale,  the  processes  that  reqnire  merely  the  heat  of  a 
lamp,  and  experiments  on  the  gases.  In  a  third  of  smaller 
size,  may  be  deposited  accurate  balanoes,  and  other  instra- 
ments  of  considerable  nicety,  which  would  be  injured  by  the 
acid  fumes  that  are  constantly  spread  through  a  laboratory. 

llie  following  are  the  principal  instruments  that  are  re- 
quired in  chemical  investigations ;  but  it  is  impossible,  with- 
-out  entering  into  very  tedious  details,  to  enumerate  all  the 
apparatus  diat  should  be  in  the  possession  of  a  practical 
chemist. 


SECTION  I. 

Of  Apparahis  for  General  Purposes. 

I.  Furnaces.  These  may  be  formed  either  of  solid  brick- 
^work,  or  of  such  materials  as  admit  of  their  removal  from 
place  to  place. 

The  directions  generally  laid  down  in  elementary  books  of 
chemistry  for  the  construction  tS  fixed  furnaces  appear 
to  me  deficient  in  precision,  and  such  as  a  workman  would 
find  it  difficult  to  put  in  practice,  I  have,  therefore,  given 
pllans  and  sections,  in  the  last  two  plates,  of  the  various  kinds 
of  furnaces;  and,  in  the  Appendix,  minute  instructions  will 
be  found  for  erectmg  them.* 

The  furnaces  of  most  general  utility  are,  1st,  the  JVind 
furnace,  in  which  an  intense  heat  is  capable  of  being  excited 
ibr  the  fusion  of  metals,  &c.  In  this  fiimace,  the  body  sub- 
mitted to  the  action  of  heat,  or  the  vessel  containing  it,  is 
placed  in  contact  with  the  burning  fuel.  Fig.  60  exhibits  one 
of  the  most  common  construction.  Fig.  61  is  the  section  of 
a  wind  furnace;  the  plan  of  which  was  obligingly  commu- 
nicated  to  me  by  Mr  Knight,  of  Foster-lane,  London,  to 

whrai,  also,  I  am  indebted  for  that  represented,  fig.  62.    The 

'^'*'^"^— — -*'"  -" -  -  -      - 

*  Ste  the  Desoription  of  the  7ih  and  gih  platet  in  the  Appendix. 
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wind  furnace  of  Mr.  Chevenix  is  shown  by  fig.  7*.  2dl]r» 
The  Evaporaling  Furnace  is  formed  of  iron  plates,  joined  to* 
geihcr  by  rabbiting,  and  placed  over  horizonlal  returning 
flae«  of  brick.  Figa,  6*  and  65,  are  two  views  of  this  furaaM 
n  recommended  by  Mr.  Knight.  When  evsportition  is  per* 
fcrmed  by  the  naked  fire,  the  vessel  may  be  placed  on  the  top 
of  tJie  furnace,  fig.  60  or  61  ;  nnd  when  clfectcd  through  dMF 
intervention  of  a  water  bath,  a  shallow  kettle  of  water,  ia 
wfaicb  IB  placed  the  evaporating  dish  and  ils  contents,  may  be 
wt  in  tbe  same  situation.  For  the  purposes  of  evaporating 
Ikjnids,  and  drying  precipitates  on  a  small  scale,  at  a  lemp^ 
ratare  not  exceeding  2]  2°  Fahr.  a  convenient  apparatus  is  re- 
presented by  6g.  27.  Sdly,  The  plan  of  a  Revtrieratwy  fuv 
met  is  exhibited  by  figs.  66,  67,  and  BS.  *thly,  Tlie  Furnace 
for  d'tstilling  %  a  Sand  Heat  is  constructed  by  setting  upon  th* 
top  of  the  brick-work,  fig.  60,  the  iron  pot,  fig.  71;  a  door 
betDjf  made  in  the  side  of  the  furnace  for  introducing  fuel. 
Distillation  by  the  naked  fire  is  performed  with  the  wind  liir^ 
t»c«,  figs.  62,  63.  5thly,  The  CupeUing  or  Enamelling  Fw 
tiace,  it  shown  by  figs.  69,  70. 

Portable  furnaces,  however,  are  amply  sufficient  for  all  the 
purposes  of  the  chemical  student,  at  the  outset  of  his  pursuit. 
Tbe  one  which  I  prefer  is  that  shown  by  figs.  5S  and  3D.  It 
was  ori^intdly  contrived,  1  believe,  by  Mr.  Schmcisser  ;*  and 
ii  made  with  considerable  improvements,  and  sold  by  the 
iodcTS  in  chemical  apparatus.  Its  size  is  so  small,  that 
it  may  be  set  on  a  table,  and  tiie  smoke  may  be  conveyed  by 
■n  iron  pipe,  into  the  chimney  of  the  apartment.  In  the  fur^ 
noce,  at  it  is  usually  sold,  the  chimney,  adapted  for  distillation 
with  a  sand  heat,  passes  directly  through  the  sand-bath,  the 
form  of  which  is  necessarily,  when  thus  constructed,  a  very 
i&conveoient  one.  1  have  tbund  it  a  great  improvement  to 
make  the  aperture  for  the  chimney  at  k.  This  allows  us  to 
have  a  sand-bath  of  the  usual  shape,  as  shown  by  fig.  59 ;  Ot 
even  to  place  evaporating  dishes,  or  a  small  boiler,  on  (he 
lap  of  the  furnace.     The  aperture  of  the  side  fiuc  may  b« 
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dosed  by  a  stopper,  when  we  dispose  the  farnace  as  shown 
by  fig.  58.  Dr.  Black's  farnace  is  generally  made  of  a  larger 
size,  and  is  adapted  to  operations  on  a  more  considerable 
acale.  (See  figs.  72  and  73.)  Both  these  furnaces  are  con* 
atructed  of  thin  iron  plates,  and  are  lined  with  fire-clay. 
They  will  be  minutely  descril^  in  the  references  to  the 
plates. 

For  the  purpose  of  exciting  a  sudden  heat,  and  of  raising 
it  to  great  intensity,  nothing  can  be  better  adapted  than  a 
very  simple,  cheap,  and  ingenious  furnace,  contrived  by  Mr. 
Charles  Aikin,  fig.  55.  It  is  formed  out  of  pieces  of  black* 
lead  melting  pots,  in  a  manner  to  be  described  in  the  Ap* 
pendix,  and  is  supplied  with  air  by  a  pair  of  double  bellows,  dL 
Sy  a  slight  alteration,  this  furnace  may  occasionally  be  em-^ 
ployed  for  the  operation  of  cupelling.     (See  fig.  57.) 

II.  For  containing  the  materials,  which  are  to  be  sub- 
mitted to  the  action  of  heat  in  a  wind  furnace,  vessels  called 
<:rucibles  are  employed.  They  are  most  commonly  made 
of  a  mixture  of  fire-clay  and  sand,  occasionally  with  the  ad- 
dition  of  plumbago,  or  black  lead.  The  Hessian  crucibles  are 
l^est  adapted  for  supporting  an  intense  heat  without  melting  ; 
but  they  are  liable  to  crack  when  suddenly  heated  or  cooled. 
The  porcelain  ones,  made  by  Messrs.  Wedgewood,  are  0£ 
much  purer  materials,  but  are  still  more  apt  to  crack  on  and- 
den  changes  of  temperature ;  and,  when  used,  they  should^ 
therefore,  be  placed  in  a  common  crucible  of  larger  size,  the 
interval  being  filled  with  sand.  The  black-lead  crucibles 
jesist  very  sudden  changes  of  temperature,  and  may  be  re- 
peatedly used ;  but  they  are  destroyed  when  some  saline  sub- 
stances (such  as  hitre)  are  melted  in  them,  and  are  consumed 
by  a  current  of  air.  For  certain  purposes,  crucibles  are 
formed  of  pure  silver  or  platina.  Their  form  varies  consi-- 
Jerably,  as  will  appear  from  inspecting  plate  vi.  figs,  49,  50^ 
61,  and  54?.  It  is  necessary  in  all  cases,  to  raise  tliem  from 
•the  bars  of  the  grate,  by  a  stand,  fig.  53,  a  or  b.  For  the 
;4)urpose  of  submitting  substances  to  the  continued  action  of  a 
red  heat,  and  with  a  considerable  surface  exposed  to  the  air> 
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the  hollow  arched  vessel,  with  a  flat  bottom,  fig.  52,  termed 
a  muffle^  is  commonly  used.  In  fig.  69,  rf,  e,  the  muffle  ia 
diown^  placed  in  a  furnace  for  use. 

IIL  Evaporating  vessels  should  always  be  of  a  flat  shape, 
so  as  to  expose  them  extensively  to  the  action  of  heat.     (See 
a  section  of  one,  fig.   12.)      They  are  formed  of  glass,  of 
etrthen  ware,  and  of  various  metals.     Those  of  glass  are  with 
difficulty  made  sufficiently   thin,  and  are   often  broken    by 
change  of  temperature ;  but  they  have  a  great  advantage  in 
the  smoothness  of  their  surface,  and  in  resisting  the  action  of 
most  acid  and  corrosive  substances.     Evaporating  vessels  of 
porcelain,  or  Wedgcwood's  ware,  are  next  in  utility,  are  less 
costly,  and  less  liable  to  be  cracked.     They  are  made  both  of 
glazed  and  unglazed  ware.     For  ordinary  purposes  the  former 
are  to  be  preferred;  but  the  unglazed  should  be  employed 
wh^i  great  accuracy  is  required,  since  the  glazing  is  acted 
m  by  several  chemical  substances.     Evaporating  vessels  of 
glass  or  porcelain  are  generally  bedded,  up  to  their  edge,  in 
«ind  (see  fig.  6S) ;  but  those  of  various  metals  are  placed  im- 
mediately over  the  naked  fire.     When  the  glass  or  porcelain 
vessel  is  very  thin,  and  of  small  size,  as  a  watch  glass  for 
example,  it  may  be  held  by  means  of  a  small  prong,  repre* 
tented  under  fig.  12;  or  it  may  be  safely  placed  on  the  ring  of 
the  brass  stand,  plate  i.  fig.  13,  and  the  flame  of  an  Argand's 
lamp,  cautiously  regulated,  may  be  applied  beneath  it.     A 
lamp  thus  supported,  so  as  to  be  raised  or  lowered,  at  plea- 
lore,  on  an  upright  pillar,  to  which  rings,  of  various  dia- 
meters, are  adapted,  will   be  found  extremely  useful ;   and^ 
when  a  strong  heat  is  required,  it  is  adviseable  to  employ  a 
lamp,  furnished  with  double  concentric  wicks.     A  lamp  for 
boming  spirit  of  wine  will,  also,  be  found  very  convenient, 
especially  if  provided  (as  they  now  generally  are)  with  a  glasa 
cap  to  cover  the  wick  when  not  in  use,  which  being  fitted  by 
grinding,  prevents  the  waste  of  the  spirit  by  evaporation. 

IV.  In  the  process  of  evaporation,  the  vapour  for  the  most 
part  is  allowed  to  escape;  but  of  certain  chemical  processes^" 
the  collection  of  the  volatile  portion  b  the  principal  object* 
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fnU  process  i»  ta'ined  distillation.  It  it  periomied  in 
pels  of  various  forms  and  materials.  The  common  stUl  is  ao 
generally  known,  that  a  representation  of  it  in  the  plates  was 
deemed  unnecessary.*  It  consists  of  a  vessel,  generally  of 
copper»  shaped  like  a  tea-kettle,  but  without  its  spout  and 
luindle.  Into  the  opening  of  this  vessel,  instead  of  a  commoo 
lid,  a  hollow  moveable  head  is  affixed,  which  ends  in  &  naz^ 
jrow,  open  pipe.  This  pipe  is  received  ii^o  another  tube 
<»f  lead,  which  is  twisted  spirally,  and  fixed  in  a  wooden  tab^ 
MO  that  it  may  be  surrounded  by  cold  water.  (Fig.  40,  ddJ^ 
"When  the  apparatus  is  to  be  used,  the  liquid  intended  to  be 
distilled  is  poured  into  the  body  of  the  stilly  and  the  bead  is 
£xed  in  its  place,  the  pipe,  which  terminates  it,  being  received 
into  the  leaden  worm.  The  liquid  is  raised  into  vapour,  whidi 
|>asses  into  the  worm,  is  there  condensed  by  the  surroandkig 
cold  water,  and  flows  out  at  the  lower  extremity. 

The  common  still,  however,  can  only  be  employed  for  vola- 
tilizing substances  that  do  not  act  on  copper,  or  other  metals, 
and  is,  therefore,  limited  to  very  few  operations.  The  vessd^ 
Sg.  2,  is  of  glass,  or  earthen  ware,  and  is  also  intended  for 
^distillation.  It  is  termed  an  alemlicj  and  consists  of  two  parts; 
ibe  body  a  for  containing  the  materials,  and  the  head  b  by 
^hich  the  vapour  is  condensed ;  the  pipe  c  conveying  it  to  a 
receiver.  Vessels,  termed  retorts^  however,  are  more  generally 
lised.  Fig^  1,  Qy  shows  the  common  form,  and  fig.  13^  a^  vch 
presents  a  stoppered,  or  tubulated  retort.  Retorts  are  made 
pf  glass,  of  earthen  ware,  or  of  metal.  When  a  liquid  is  to 
be  added  at  distant  intervals  during  the  process,  the  best  con- 
trivance is  that  shown  fig.  26,  a,  consisting  of  a  bent  t«be^ 
irith  a  funnel  at  the  upper  end.  When  the  whole  is  intro* 
duced  at  first,  it  is  done  either  through  the  tubuluie*  or»  if 
into  a  plain  retort,  through  the  funnel,  fig.  10,  by  meaiia  of 
irhich  the  liquid  may  be  poured  in,  without  touching  the  inside 
-of  the  retort  neck. 

To  the  retort,  a  receiver  is  a  necessary  appendage:  and  this 
nay  either  be  plain,  fig.  I,  2^,  or  tubulated,  as  shown  by  the 
^tted  lines  at  c-  To  some  receivers  a  pipe  is  added  (fig.  15^  £), 
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which  mnv  enter  partly  into  a  bottle  beneath-  Tliis  vessel, 
wbich  is  priocipally  useful  Sjr  enabling  us  to  remove  the  disr- 
tilled  liqwd,  at  different  periods  ul'  the  process,  is  termed  a 
^Ued  receiver.  For  some  purposes,  it  is  expedient  to  have 
the  quilled  part  accurately  ground  to  the  neck  of  the  bottle,  c^ 
wbidi  frbuuld  then  be  furnished  with  a  tubulure,  or  second 
neck,  having  a  ground  stopper,  and  should  be  provided,  bImo, 
irith  a  bent  tube,  to  be  occasionaUy  applied,  for  conveying 
Bwsy  any  gases  that  may  be  produced.  The  condensation  of 
the  vapour  is  much  facilitated,  by  lengthening  the  neck  of  the 
mart  with  an  adopter  (fig.  11),  the  wider  end  of  which  slips 
over  the  retort  neck,  while  its  narrow  extremity  is  admitted 
into  the  mouth  of  the  receiver.     (See  fig.  63.) 

Heat  may  be  applied  lo  the  retort  in  several  modes.  When 
llic  veucl  is  of  eartlien  ware,  an;!  when  the  distilled  substance 
tequirea  a  strong  heut  to  raise  it  into  vapour,  the  naked  fire  is 
ipplied,  as  shown  fig.  63.  Glass  retorts  are  generally  placed 
in  lieated  sand  (fig.  59) ;  and,  when  of  a  small  size,  the  flame 
of  an  Argand's  tamp,  cautiously  regulated,  may  be  conveuieot- 
Ij  used  (fig.  13). 

In  several  instances,  the  substance  raised  by  distillation  is 
partly  a  condensable  liquid,  and  partly  a  gas,  which  is  not 
condonsed  till  it  is  brought  into  contact  with  water.  To  effect 
lliia  ilouble  purpose,  a  scries  of  receivers,  termed  JVtiitlfe's 
Apfimvtus,  is  employed.  The  first  receiver  (i.  fig  30)  has  a 
ngfatrAogled  glass  tube,  open  at  both  ends,  fixed  into  its  tu- 
bulure; and  the  otlicr  extremity  of  the  tube  is  made  to  termi- 
nate beneath  the  surface  of  distilled  water,  contained,  as  high 
w  the  horizontal  dotted  line,  in  the  three-necked  bottle  c. 
From  another  neck  of  this  buttle,  a  second  pipe  proceeds, 
which  ends  hke  the  llrst,  under  water,  contained  in  a  second 
bollle  rf.  To  the  central  neck  a  straight  tube,  open  at  both 
eads|  i«  fixed,  so  that  its  lower  cud  may  be  a  little  bctienth 
the  surface  of  the  liquid.  Of  these  bottles  any  number  m»y 
be  employed  lliat  is  thought  necessary. 

Tlie  materials  being  introduced  into  the  retort,  the  arrange* 
ment  completed,  and  the  joints  secured  in  tlte  manner  to  be 
pngsently  dcacribed,  the  distillation  Is  begun.  The  condenK* 
■U*  vapour  colkcu  lo  a  liquid  foiutu  the  bailoon  ^  while 
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the  evolved  gas  passes  through  the  bent  pipe,  beneath  the  sur- 
face of  the  water  in  c,  which  continues  to  absorb  it  till  satu- 
rated. When  the  water  of  the  first  bottle  can  absorb  no 
more,  the  gas  passes,  uncondensed,  through  the  second  right- 
angled  tube,  into  the  water  of  the  second  bottle,  which,  in  its 
turn,  becomes  saturated.  Any  gas  that  may  be  produced, 
which  is  not  absorbable  by  water,  escapes  through  the  bent 
tube  e,  and  may  be  collected,  if  necessary. 

Supposing  the  bottles  to  be  destitute  of  the  middle  necks, 
.>jEind,  consequently,  without  the  perpendicular  tubes,  the  pro- 
cess would  be  liable  to  be  interrupted  by  an  accident :  for  if^ 
in  consequence  of  a  diminished  temperature,  an  absorption  or 
condensation  of  gas  should  take  place,  in  the  retort  a,  ,and,  of 
course,  in  the  balloon  bj  it  must  necessarily  ensue  that  the 
water  of  the  bottles  c  and  d  would  be  forced,  by  the  pressure 
of  the  atmosphere,  into  the  balloon,  and  possibly  into  the 
retort,  which  might  cause  a  dangerous  explosion ;  but,  with 
the  addition  of  the  central  tubes,  a  sufficient  quantity  of  air 
rushes  through  them  to  supply  any  accidental  vacuum.  This 
inconvenience,  however,  is  still  more  conveniently  obviated  by 
Welther's  tube  of  safety  (fig.  31,  b)j  which  supersedes  the  ex- 
pediency of  three-necked  bottles.  The  apparatus  being  ad- 
justed, as  shown  by  the  figure,  a  small  quantity  of  water  is 
poured  into  the  funnel,  so  as  to  about  half  fill  the  ball  b. 
When  any  absorption  happens,  the  fluid  rises  in  the  ball,  till 
none  remains  in  the  tube,  when  a  quantity  of  air  immediately 
rushes  in  and  supplies  the  partial  vacuum  in  a.  On  the  other 
hand,  no  gas  can  escape,  under  ordinary  circumstances ;  be- 
cause any  pressure  from  within  is  instantly  followed  by  the 
formation  of  a  high  column  of  liquid  in  the  perpendicular 
part,  which  resists  the  egress  of  gas.  This  ingenious  inven- 
tion I  can  recommend,  from  ample  experience  of  its  utility. 

Very  useful  alterations  in  the  construction  of  Woulfe's  ap- 
paratus have  been  contrived  also  by  Mr.  Pepys  and  Mr. 
Knight.  That  of  the  former  is  shown  (fig.  32),  where  the 
balloon  b  is  surmounted  by  a  vessel  c  accurately  ground  to  it, 
and  furnished  with  a  glass  valve,  resembling  that  affixed  to 
Nooth's  apparatus  for  impregnating  water  with  carbonic  acid, 
commonly  sold  under  that  name  in  the  glass  sh<^.    This 


SECT.  I.  GENERAL   PURPOSES.  9 

Tslte  allows  gas  to  pass  freely  into  the  vessel  c,  but  prevents 
the  water  which  c  contains  from  falling  into  the  balloon.  Mr. 
Knight's  improvement  is  described,  and  represented  in  a  plate, 
in  the  Philosophical  Magazine,  vol.  xx.* 

When  a  volatile  substance  is  submitted  to  distillation,  it  is 
necessary  to  prevent  the  escape  of  the  vapour  through  the 
junctures  of  the  vessels;  and  this  is  accomplished  by  the  ap- 
plication of  LUTES.  The  most  simple  method  of  confining  the 
Tspour,  it  is  obvious,  would  be  to  connect  the  places  of  junc- 
tore  accurately  together  by  grinding;  and  accordingly  the 
Deck  of  the  retort  is  sometimes  ground  to  the  mouth  of  the 
receiver.  This,  however,  adds  too  much  to  the  expense  of 
apparatus  to  be  generally  practised. 

When  the  distilled  liquor  has  no  corrosive  property  (such 
as  water,  alcohol,  ether,  Sec.))  slips  of  moistened  bladder,  or 
of  paper,  or  linen,  spread  with  flour  paste,  white  of  egg,  or 
mucilage  of  gum  arabic,  sufficiently  answer  the  purpose.    The 
substance  which  remains,  after  expressing  the  oil  from  bitter 
almonds,  and  which  is  sold  under  the  name  of  almond-meal, 
or  almond  powder,  forms  a  useful  lute,  when  mixed,  to  the 
consistency  of  glaziers'  putty,  with  water  or  mucilage.     For 
confining  the  vapour  of  acid,  or  highly  corrosive  substances, 
the  fat  lute  is  well  adapted.     It  is  formed  by  beating  perfectly 
dry  and  finely  sifted  tobacco  pipe-clay,  with  painters'  drying 
oil,  to  such  a  consistence  that  it  may  be  moulded  by  the  hand. 
The  same  clay,  beat  up  with  as  much  sand  as  it  will  bear, 
without  losing  its  tenacity,  with  the  addition  of  cut  fibres  of 
low,  or  of  a  little  horse-dung,  and  a  proper  quantity  of  water, 
famishes  a  good  lute,  which  has  the  advantage  of  resisting  a 
coDtiderable  heat,  and  is  applicable  in  cases  where  the  fat  lute 
would  be  melted  or  destroyed.     Various  other  lutes  are  re- 

•  Another  modification  of  this  apparatus,  by  Dr.  Murray,  is  represented 
in  Nich.  Joorn.  Svo.  vol.  iii.  or  in  Murray's  System  of  Chemistry,  vol.  i. 
pl.  T.  fig.  40.  Fig.  41  of  the  same  plate  exhibiu  a  cheap  and  simple  form 
of  ihii  apparatus,  contrived  by  the  late  Dr.  Hamilton,  and  depicted  ori- 
Pnally  in  his  translation  of  Berthollct  on  Dyeing.  Mr.  Burkitfs  improve- 
ment of  this  apparatus  may  be  seen  in  Nicholson's  Journal,  4io.  vol.  v. 
^;  ind  an  American  invention  for  the  same  purpose  is  represented  ia 
''eOuirterly  Joamal,  viii.  384. 
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commended  by  diemlcal  writers ;  but  the  few  that  have  been 
enumerated  I  find  to  be  amply  sufficient  for  every  purpose. 

On  some  occasions,  it  is  necessary  to  protect  the  retort  from 
too  sudden  changes  of  temperature,  by  a  proper  coating.  For 
g^s  retorts,  a  mixture  of  moist  common  clay»  or  loam^.  with 
^and,  and  cut  shreds  of  tow  or  flax,  may  be  employed*  If 
the  distillation  be  performed  by  a  sand  heat,  the  coating  needs 
not  to  be  applied  higher  than  that  part  of  the  retort  which  is 
bedded  in  sand ;  but  if  the  process  be  performed  in  a  wind 
furnace  (fig.  65),  the  whole  body  of  the  retort,  and  that  part 
of  the  neck  also  which  is  exposed  to  the  fire,  must  be  carefully 
coated.  To  this  kind  of  distillation,  however,  earthen  retorta 
are  better  adapted ;  and  they  may  be  covered  with  a  compo- 
aition  originally  recommended  by  Mr.  Willis.  Two  ounces 
of  borax  are  to  be  dissolved  in  a  pint  of  boiling  water,  and  a 
sufficient  quantity  of  slaked  lime  added,  to  give  it  the  thick- 
nesB  of  cream.  This  is  to  be  applied  by  a  painter's  brush, 
and  allowed  to  dry.  Over  this  a  thin  paste  is  afterwards  to  bs 
applied,  formed  of  slaked  lime  and  common  linseed-oil^  well 
mixed  and  perfectly  plastic  In  a  day  or  two,  the  coating 
will  be  sufficiently  dry  to  allow  the  use  of  the  retort. 

For  joining  together  the  parts  of  iron  vessels,  used  in  distil- 
iation,  a  mixture  of  the  finest  China  clay,  with  a  solution  of 
borax,  is  well  adapted.  In  all  coses,  the  diffiH*ent  parU  of  any 
apparatus  made  of  iron  should  be  accurately  fitted  by  boring 
and  grinding,  and  the  above  lute  is  to  be  applied  to  the  pact 
which  is  received  into  an  aperture.  This  will  generally  be  su& 
ficient  without  any  exterior  iMting;  otherwise  the  lute  of  claj, 
sand,  and  flax,  already  described,  may  be  applied  over  the  joint. 

In  every  instance,  where  a  lute  or  coating  is  applied^  it  is 
adviseable  to  allow  it  to  dry  before  the  distillation  is  beg«m; 
and  even  the  fat  lute,  by  exposure  to  the  air  during  one  or  two 
days  after  iu  application,  is  much  improved  in  firmness. 
The  clay  and  sand  lute  is  perfectly  useless,  except  it  be  pre- 
^ously  quite  dry.  In  applying  a  lute,  the  part  immediately 
over  the  juncture  should  swell  outwards,  and  iU  diameter 
flfiould  be  gradually  diminished  on  each  side.  (See  fig.  15^ 
vhere  the  luting  is  shown,  applied  to  the  joining  of  the  retsit 
and  receiver.) 
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Vnitlc  the  apparatos  already  described)  a  vsriety  of  vessels 
BDii  instrumeDtB  are  necessary,  having  Utile  resemblance  to 
neb  other,  in  the  purposes  to  which  tbcy  are  ndapted.  Glass 
vcMds  are  required  for  efibcting  solution,  which  often  re- 
()iiiiea  tlie  application  of  heal,  and  sometimes  for  a.  consider- 
iUe  duration.  In  the  latter  cnse,  it  is  termed  digestion,  and 
ibe  vessel,  fig.  4*  called  a  mairius,  is  the  most  proper  for  per- 
r»r[iung  it.  When  solution  is  refjuired  to  be  quickly  effected^ 
the  bottle,  fig.  5.  with  a  rounded  bottom,  may  be  used  ;  or  a 
common  Florence  oU  flask  serves  the  same  purpose  extremely 
well,  and  bears,  without  cracking,  sudden  changes  of  tempe- 
rature. For  precipUat  ions,  and  separating  liquids  from  precl- 
piiates.  either  form  of  the  decanting-jnr  (fig.  l*),will  be  found 
udiil ;  or,  if  preferred,  it  may  be  shaped  as  in  fig.  26,  _/". 
Liquids,  of  dififercut  specific  gravities,  arc  separated  by  the 
ratficti  f^;.  3  ;  ihe  heavier  fluid  being  drawn  off  tlirough  the 
cock  /')  and  air  being  admitted  by  the  removal  of  the  stopper 
0,  b>  supply  its  place.  Glass  rods,  of  various  lengths,  and 
ipcMMis  of  the  same  material,  or  of  porcelain,  are  useful  for 
■tirrin^  acid  and  corrosive  liquids;  and  a  stock  of  cylindrical 
tabes,  of  vaJ'ious  sizes,  is  required  for  occasional  purposes.  It 
isBCoesMry  also  to  be  provided  with  a  series  of  glass  measures, 
graduated  into  dnichms,  ounces,  and  pints.  The  small  tube» 
6g,  15,  called  a  dropping  lithe,  which  is  open  at  each  end  and 
Uown  in  the  middle  inlo  a  ball,  will  be  found  useful  iu  direct- 
ing a  fine  stream  of  water  upon  the  edges  of  a  filtre,  or  any 
KmUI  object.  The  same  purpose  may,  also,  be  very  conve- 
aieiitly  dfected  by  fixing  a  piece  of  gloss  tube  oi  small  bore, 
two  or  three  inches  long,  and  bent  at  one  end  to  an  obtuse 
aule,  into  a  hole  bored  in  a  cork,  which  may  be  used  as  the 
Mappl«  of  an  eight  ounce  vial  filled  with  water,  fig.  25,  a. 
Ob  iovertiiin  the  vial,  and  grasping  the  bottom  part  of  it,  th» 
wumtb  of  ihii  li.ind  expels  dther  n  few  drops  or  a  small  stream 
of  water,  wliicli  tney  be  directed  upon  any  minute  object. 
When  l]i«  flow  ceases,  it  may  be  renewed,  if  required,  by 
Mtitift  the  buiile,  for  s  moment,  with  its  mouth  upwards 
twkidi  admits  a  fresh  supply  of  cool  air)t  and  then  proceeding 
as  before. 

For  the  drying  of  precipitates,  aod  other  substances,  by  a 
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heat  not  exceeding  212^,  a  very  usefbl  apparatus  is  sold  ia 
London,  by  the  makers  of  chemical  implements.  It  is  rcpre^ 
sented,  supported  by  the  ring  oF  a  lamp-stand,  by  fig.  27* 
The  vessel  a  is  of  sheet-iron  or  copper  japanned  and  hapd- 
soldered ;  c  is  a  conical  vessel  of  very  thin  glass,  having  a  rims 
which  prevents  it,  when  in  its  place,  from  entirely  slipping 
into  a;  and  ^f  is  a  moveable  ring,  which  keeps  the  vessel  c  in 
its  place.  When  the  apparatus  is  in  use,  water  is  poured 
into  a  about  as  high  as  the  dotted  line ;  the  vessel  r,  containing 
the  substance  to  be  tried,  is  immersed  in  the  water,  and  se- 
cured by  the  ring  d ;  and  the  whole  apparatus  set  over  an 
Argand's  lamp.  The  steam  escapes  by  means  of  the  chimney 
b,  through  which  a  little  hot  water  may  be  occasionally  poured, 
to  supply  the  waste  by  evaporation.  By  changing  the  shape 
ofc  to  the  segment  of  a  sphere,  still  retaining  the  rim,  I 
have  found  it  a  most  convenient  vessel  for  evaporating  fluids. 
For  the  purpose  of  depriving  organic  substances  of  water 
without  decomposing  them,  they  may  be  exposed  to  a  tem- 
perature of  212^  Fahr.  in  a  vacuum  with  sulphuric  acid.  An  in- 
genious apparatus  for  this  purpose,  invented  by  Dr.  Prout,  ia 
described  in  the  Annals  of  Philosophy,  vol.  vi.  p.  272. 

Accurate  beams  and  scales,  of  various  sizes,  with  corres- 
ponding weights,  some  of  which  are  capable  of  weighing  seve- 
ral pounds,  while  the  smaller  size  ascertains  a  minute  fraction 
of  a  grain,  are  essential  instruments  in  the  chemical  labora- 
tory. A  balance  of  great  accuracy  and  sensibility,  and  at  the 
same  time  attainable  at  a  moderate  expence,  has  been  invented 
by  Capt.  Kater.  It  is  described  in  the  Quarterly  Journal, 
xi.  280,  and  xii.  40.  Mortars,  also,  should  be  at  hand  of 
various  materials,  such  as  glass,  porcelain,  agate,  and  metaL 
Wooden  stands,  too,  of  various  kinds,  for  supporting  re- 
ceivers, should  be  provided.*  For  purposes  of  this  sort, 
and  for  occasionally  raising  to  a  proper  hdght  any  article  of 
apparatus,  a  series  of  blocks,  made  of  well  seasoned  wood, 
eight  inches  (or  any  other  number)  square,  and  respectively 
eight,  four,  two,  one,  and  half  an  inch  in  thickness,  will  be 
found  extremely  useful ;  since,  by  combining  them  in  different 
ways,  thirty-one  different  heights  may  be  obtained. 

*  See  Aikia's  Chem.  Diet.  pi.  iv.  6g.  59,  e. 


The  blow-p!pG  is  an  instrument  of  much  utility  in  chemical 
Rsearche£.  A  small  one,  invented  by  Mr.  Pepys,  with  a.  flat 
Gjlindrical  bgx  for  condensing  the  vapour  of  the  breath,  and 
fcr  containing  caps,  tu  bo  occasionally  applied  with  npertui-es 
of  various  sizes,  is  perhaps  the  most  commodious  form.*  One 
ofa  much  smaller  size,  for  carrying  in  a  pocket-book,  has  been 
contrived  by  Dr.  Wollaston.f  A  blow-pipe,  which  is  sup- 
{illed  with  air  from  a  pair  of  double  bellows,  worked  by  the 
foot,!  may  be  applied  to  purposes  that  require  both  hands  to 
be  Ivft  at  liberty,  and  will  be  found  useful  in  blowing  glass, 
ud  in  bending  tubes.  The  latter  purpose,  however,  may  be 
KccomplUhed  by  holding  them  over  an  Argand's  lamp  with 
double  wicks.  A  simple  and  ingenious  apparatus,  in  which 
umobpberic  air  is  expelled  from  a  jet  by  the  pressure  of  a 
colanin  of  water,  is  described  by  Mr.  Tilley  in  the  i3d  vol. 
oT  the  Philosophical  Magazine.  Another  contrivance  of  a 
■imilar  kind,  recommended  by  Dr.  Clarke  in  the  Annals  of 
Phikwopby,  N.  S.  i.  *28,  Is  sold  in  London  under  the  name  of 
Toft's  Blow-pipe,  hut  it  appears  to  me  objectionable  on  account 
of  die  room  which  it  occupies,  Occasionally,  when  nn  intense 
heat  is  required,  the  flame  of  the  blow-pipe,  instead  of  being 
tupported  by  the  mouth  or  by  common  air,  may  be  kept  up 
by  a  alream  of  oxygen  gas,  expelled  from  a  bladder  or  from  a 
gas-holder.  §  The  blow-pipe  invented  by  Mr.  Brooke  con- 
fislt  ofa  sDiall  square  box  of  copper  or  iron,  into  w'hich  air  is 
forced  by  a  condensing  syringe,  and  from  which  it  Is  suffered 
to  rush,  through  a  tube  of  very  small  aperture,  regulalcd  by  a 
&top-cock,  against  the  dame  ofa  lamp  or  candle.  ||  By  means 
ofa  screw  added  to  the  syringe,  the  receiver  maybe  filled 
with  oxygen  gas,  or,  as  will  be  described  hereafter,  with  a 
mixture  of  hydrogen  and  oxygen  gases.  Blow-pipes  on  this 
coDstructioD  may  be  hail  of  Mr.  Newman,  auci  of  most  of  the 
oilier  makers  of  philosophical  Insiruments.     The  application 


•  Sec  Aikiii'i  Chem.  Did.  pi.  v:i.  fig.  71, 
T  II  it  dnctibed  in  Nich.  Jouin.  xv.  SB4 
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of  the  Uow^pipe  to  chemical  analysis,  and  especially  to  th< 
enmination  of  minerals,  may  be  best  learned  from  the  ampl 
and  perspicuoiu  directions  contained  in  Beraelios's  Treaiu 
en  the  Use  of  the  Blow-pipey  in  one  vol.  Sro.  lately  trandmM 
bv  Mr.  Children. 

m 

In  the  course  of  this  work,  Tarioos  other  articles  of  ^ipa 
ratus  will  be  enamerated,  in  detailing  the  purposes  to  wfaid 
they  are  adapted,  and  the  principles  on  which  they  are  ooo 
stmcted.  It  must  be  remembered,  however,  that  it  is  no  pail 
of  my  object  to  describe  ever}'  ingenious  and  complicated  nt 
Tention,  which  has  been  employed  in  the  investigation  of  chfr 
mical  science :  but  merely  to  assist  the  student  in  attaimiig 
apparatus  for  general  and  ordinary  purposes.  For  such  paop^ 
poses,  and  even  for  the  prosecution  of  new  and  important  in- 
quiries, very  simple  means  are  sufficient ;  and  some  of  dw 
most  interesting  chemical  facts  may  be  exhibited  and  efcn 
ascertained,  with  the  aid  merely  of  Florence  flasks,  of  com- 
mon vials,  and  of  wine  glasses.  In  converting  these  to  die 
purposes  of  apparatus,  a  considerable  saving  of  expense  will 
accrue  to  the  experimentalist;  and  he  will  avoid  the  encum- 
brance of  various  instruments,  the  value  of  which  consists  m 
show,  rather  than  in  real  utility. 


SECTION  IL 
Of  the  Apparatus  for  Experiments  on  the  GaseM. 

For  performing  the  necessary  experiments  on  gases^  muj 
articles  of  apparatus  are  essential,  that  have  not  hitherto  bed 
described.  It  may  assist  the  student  in  obtaining  the  n 
sary  instruments,  if  a  few  of  the  most  essential  be  here  ._ 
merated.  In  this  place,  however,  I  shall  mention  such  odji 
as  are  necessary  in  making  a  few  general  experiments  on  tihit 
interesting  class  of  bodies. 

The  apparatus,  required  for  experiments  on  gaaesy  OMuM 
partly  of  vessels  fitted  for  containing  the  materials  fr^«^  afibrf 
them,  and  pardy  of  vessels  adapted  for  the 
and  for  submitting  them  to  experimenti 
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L  For  procorifig  sudi  gates  jm  are  producible 
■jitoi^bettt,  glsM  bottles,  fiimkbed  with  ground  slop* 
fBiiiid  bent  tabes,  are  sufficieDt  (plate  ii.  fig.  18).  Of  them 
BRfil  win  be  required,  of  di£EEreiit  staes  and  abapes,  adapted 
Utteimt  pmpoaea.  If  these  cannot  be  procured,  a  Flo- 
aoeflssk,  with  a  cork  perforated  by  a  bent  glass  tube,  or 
oaly  a  tiD  jnpei,  will  serve  Smt  obtaining  some  of  the  .gases. 

Ihsse  gases  that  require,  for  tbeir  liberation,  a  red  heaCt 
■f  he  procured,  by  exposing  to  beat  the  substance  capabla 
tf  Anlii^  them,  in  earthen  retorts  or  tubes ;  or  in  a  gun 
boil,  the  tooch-hok  of  which  has  been  accurately  plugged 
^aiRm  pin.  To  the  moodi  of  the  barrel  must  be  affixed 
1^  tube,  bent  so  as  to  oonrey  the  gases  where  it  nay  ba 


1  fery  convenient  apparatus,  for  obtaining  such  gases  as 
aaast  be  disenf^a^ed  without  a  red  heat,  is  sold  at  the  shops 
bt  pUosophical  apparatus  in  London.  It  consists  of  a  cast* 
ima  Rtort,  having  a  jointed  metallic  conducting  tube  fitted 
Ii  it  by  grinding;  by  means  of  which  the  gas  may  be  con» 
iqcd  in  any  direction,  and  to  any  moderate  distance.  It  is 
npresented  as  placed,  when  in  actual  use,  between  the  bars 
if  a  common  fire-grate  (plate  ix.  fig.  85,  a,  b.) 

2.  For  receiving  the  gases,  glass  jars,  of  various  sizes  (figs. 
SS;  2$),  are  required,  some  of  which  should  be  furnished  with 
ledu  at  the  top,  fitted  with  ground  stoppers.  Others  should 
be  proyided  with  brass  caps,  and  screws,  for  the  reception  of 
sir-cocks  (fig.  22).  Of  these  last  (the  air-cocks),  several  will 
be  found  necessary;  and,  to  some  of  them,  bladders,  or  elastic 
bottles,  should  be  firmly  tied,  for  the  purpose  of  transferring 
gsses.  These  jars  will  also  be  found  extremely  useful  in  ex- 
psriments  on  the  properties  and  efiects  of  the  gases.  Some 
of  them  should  be  graduated  into  cubical  inches. 

To  contain  these  jars,  when  in  use,  a  vessel  will  be  ne» 
ce«try,  capable  of  holding  a  few  gallons  of  water.  This 
nsy  either  be  of  wood^  if  of  considerable  size ;  or,  if  small, 
of  tin,  japanned  or  painted.  Plate  iv.  fig.  41,  ^  exhibits  a 
lection  of  this  apparatus,  which  has  been  termed  the  pnei»» 
nsto-chemical  tron^  or  pneumatic  cistern.  Its  size  may 
tuy  with  that  of  ^the  jam  em|^yed;  and»  about  iyro  or  tfaw 


16  CHBMICAL  APPARikTUS.  CHAP,  I. 

inches  from  the  top,  it  should  have  a  shelf,  on  which  the  jars 
may  be  placed,  when  filled  with  air,  without  the  risk  of  being 
overset.  In  this  shelf  should  be  a  few  small  holes,  to  which 
inverted  funnels  may  be  soldered. 

A  glass  tube,  about  18  inches  long,  and  three  quarters  of 
an  inch  diameter  (fig.  24,}  closed  at  one  end,  and  divided  into 
cubic  inches,  and  tenths  of  inches,  will  be  required  for- ascer- 
taining the  purity  of  air  by  nitrous  gas.  It  should  be  accom- 
panied also  with  a  small  measure,  containing  about  two  cubic 
inches,  and  similarly  graduated.  For  employing  the  solution 
of  nitrous  gas  in  liquid  sulphate  of  iron,  glass  tubes,  about 
five  inches  long,  and  half  an  inch  wide,  divided  decimally, 
are  also  necessary.  Besides  these,  the  experimentalist  should 
be  furnished  with  air  funnels  (fig.  19),  for  transferring  gases 
from  wide  to  narrow  vessels. 

An  apparatus,  almost  indispensable  in  experiments  on  this 
class  of  bodies,  is  a  g^zometer,  which  enables  the  chemist  to 
collect  and  to  preserve  large  quantities  of  gas,  with  the  aid 
of  only  a  few  pounds  of  water.  In  the  form  of  this  apparatus 
there  is  considerable  variety ;  but,  at  present,  I  have  no  other 
view  than  that  of  explaining  its  general  construction  and  use. 
It  consists  of  an  outer  fixed  vessel  d  (plate  iv.  fig.  S5\  and  an 
inner  moveable  one,  r,  both  of  japanned  iron.  The  latter 
slides  easily  up  and  down  within  the  other,  and  is  suspended 
by  cords  passing  over  pulleys,  to  which  are  attached  the  coun- 
terpoises, ee.  To  avoid  the  encumbrance  of  a  great  weight 
of  water,  the  outer  vessel  d  Is  made  double,  or  is  composed  of 
two  cylinders,  the  inner  one  of  which  is  closed  at  the  top  and 
at  the  bottom.  The  space  of  only  about  half  an  inch  is  left 
between  the  two  cylinders,  as  shown  by  the  dotted  lines.  In 
this  space  the  hollow  vessel  c  may  move  freely  up  and  down. 
The  interval  is  filled  with  water  as  high  as  the  top  of  the 
inner  cylinder.  The  cup,  or  rim,  at  the  top  of  the  outer 
vessel,  is  to  prevent  the  water  from  overflowing,  when  the 
vessel  c  is  forcibly  pressed  down,  in  which  situation  it  is 
placed  whenever  gas  is  about  to  be  collected.  The  gas  enters 
from  the  vessel  in  which  it  is  produced,  by  the  communicating 
pipe  h^  and  passes  along  the  perpendicular  pipe  marked  by 
dotted  lines  in  the  centre,  into  the  cavity  of  the  vessel  Cy 
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contiiuies  rising  till  it  is  fuU»  when  it  is  stopped  by  the 
Mi  bar  to  which  the  puUies  are  attached. 
To  transfer  the  gas,  or  to  apply  it  to  any  purpose^  the  cock 
i  11  to  ha  shut,  and  an  empty  bladder,  or  bottle  of  elastic 
^1^  fiimished  with  a  stop  cock,  to  be  screwed  on  a.  When 
Aefenel  c  is  pressed  down  by  the  hand,  the  gas  pusses 
im  the  central  pipe,  which  it  had  before  ascended,  and  its 
at  b  being  prevented,  it  finds  its  way  up  a  vertical  pipe 
is  fixed  to  the  onter  surface  of  the  vessel,  and  which  is 
by  the  cock  a.  By  means  of  an  ivory  mouth-piece 
upon  this  cock,  the  gas,  included  in  the  instrument, 
oqf  be  respired;  the  nostrils  being  closed  by  the  fingers. 
Wkn  it  is  required  to  transfer  the  gas  into  glass  jars  standing 
■vffrted  in  water,  a  crooked  tube  may  be  employed,  one  end 
ofviuch  is  screwed  upon  the  cock  b;  while  the  other  aperture 
ii  brought  under  the  inverted  funnel,  fixed  into  the  shelf  of 
tk  paeumatic  trough.     (See  fig.  41,  c.) 

Seteral  alterations  have  been  made  in  the  form  of  this  ap- 
jMntos;  but  they  are  principally  such  as  add  merely  to  its 
asitiiess  and  beauty,  and*  not  to  its  utility ;  and  they  render  it 
las  easy  of  explanation.  The  counterpoises  ee  are  now,  for 
exsDpIe,  generally  concealed  in  the  framing,  and  the  move- 
jble  vessel  c  is  frequently  made  of  glass. 

\^liea  large  quantities  of  gas  are  required  (as  at  a  public 
leetDie),  the  gas-holder  (plate  iv.  fig.  36),  will  be  found  ex- 
iRDiely  useful.  It  is  made  of  tinned  iron  plate,  japanned 
both  within  and  without.  Two  .short  pipes,  a  and  c,  ter^- 
""wtHI  by  cocks,  prc^ceed  from  its  sides,  and  another,  b^ 
paises  tbroQgh  the  middle  of  the  top  or  cover,  to  which  it  is 
joldeced,  and  reaches  within  half  an  inch  of  the  bottom.  It 
mil  be  found  convenient  also  to  have  an  air-cock,  with  a  very 
wide  bore,  fixed  to  the  funnel  at  b.  When  gas  is  to  be  tran»- 
firred  into  this  vessel  from  the  gazometer,  the  vessel  is  first 
conplstely  filled  with  water  thrpugh  the  funnel,  the  cock  a 
bebg  left  open,  and  c  shut.  By  means  of  a  horizontal  pipe, 
the  apesture  a  is  connected  with  a  of  the  gazometer.  The 
cock  b  being  shut,  a  and  c  are  opened,  and  the  vessel  c  of  the 
gazometer  (fig.  35),  gently  pressed  downwards  with  the  hand. 
The  gas  then  descends  from  the  j;azometer  till  the  air-bolder 
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is  full,  which  may  be  known  by  the  water  ceasing  to  escape^ 
throngh  the  cock  c.  All  the  cocks  are  then  to  be  shut,  and 
the  vessels  disunited.  To  apply  this  gas  to  any  purpose,  an 
empty  bladder  may  be  screwed  on  a ;  and  water  being  poured 
through  the  funnel  b^  a  corresponding  quantity  of  gas  is  forced 
into  the  bladder.  By  lengthening  the  pipe  i,  the  pressure  of 
a  column  of  water  may  be  added:  and  the  gas  being  forced 
through  a  with  considerable  velocity,  may  be  applied  to  the 
purpose  of  a  blow-pipe,  &c.  &c.  The  apparatus  admits  of 
a  variety  of  modifications.  The  most  useful  one  appears  to 
me  to  be  that  contrived  by  Mr.  Pepys,  consisting  chiefly  in 
the  addition  of  a  shallow  cistern  (^,  plate  ix.  fig.  85)  to  the 
top  of  the  air-holder,  and  of  a  glass  register  tube  f^  which 
shows  the  height  of  the  water,  and  consequently  the  quantity 
of  gas,  in  the  vessel.  A  more  minute  account  of  it  will  be 
given  in  the  description  of  the  ninth  plate.* 

The  gazometer,  already  described,  is  fitted  only  for  the 
reception  of  gases  that  are  confinable  by  water;  because 
quicksilver  would  act  on  the  tinning  and  solder  of  the  vessel, 
and  would  not  only  be  spoiled  itself,  but  would  destroy  the 
apparatus.  Yet  an  instrument  of  this  kind,  in  which  mer- 
cury can  be  employed,  is  peculiarly  desirable,  on  account  of 
the  great  weight  of  that  fluid ;  and  two  varieties  of  the  mer- 
curial gazometer  have  therefore  been  invented.  The  one,  of 
glass,  is  the  contrivance  of  Mr.  Clayfield,  and  may  be  seen 
represented  in  the  plate  prefixed  to  Sir  H.  Davy's  8vo.  vol. 
of  Researches,  published  in  1800.  In  the  other,  invented  by 
Mr.  Pepys,  the  cistern  for  the  mercury  is  of  cast-iron.  A 
drawing  and  description  of  it  may  be  found  in  the  5th  vol.  of 
.the  Philosophical  Magazine ;  but  as  neither'  of  these  instru- 
ments are  essential  to  the  chemical  student,  and  as  they  are 
required  only  in  experiments  of  research,  I  deem  it  sufficient 
to  refer  to  the  minute  descriptions  of  their  respective  in- 
ventors. Mr.  Newman  has  lately  joined  a  gazometer  of  this 
kind  to  an  improved  mercurial  trough,  by  means  of  which 
the  advantages   of  both  are  obtained  with  only  60  or   70 


*  Descriptions  and  figures  of  improved  gas-holders  may  be  seen  also  in 
the  13th,  24th,  27th,  and  44th  vols,  of  the  Philosophical  Magaxiae. 
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pounds  of  quicksilver.  A  description  and  drawing  oF  thia 
apparatus  is  given  in  the  Journal  of  Science  and  the  Arts, 
i.  186.     (See  also  pi.  x.  at  the  end  of  this  volume.) 

For  those  gases  that  are  absorbed  by  water,  a  mercurial 
trough  is  necessary.  For  the  mere  exhibition  of  a  few  expe- 
riments on  these  condensible  gases,  a  small  wooden  trough, 
11  inches  long,  two  wide,  and  two  doep,  cut  out  of  a  solid 
block  of  mahogany,  is  sufficient;  but  for  experiments  of 
research,  one  of  considerable  size  is  requii*ed.  (See  plate  iii.. 
fig- 31,//.) 

The  apparatus,  required  for  sub?niuing  gases  to  the  aciiok 
of  electricity^  is  shown  in  plate  ix.  fig.  84;  where  a  represents 
the  knob  of  the  prime  conductor  of  an  electrical  machine; 
i  a  Leyden  jar,  the  ball  of  which  is  in  contact  with  it,  as 
when  in  the  act  of  charging ;  and  c  the  tube  standing  inverted 
in  mercury,  and  partly  filled  with  gas.  The  mercury  is 
contained  in  a  strong  wooden  box  rf,  to  which  is  screwed  the 
upright  iron  pillar  e^  with  a  sliding  collar  for  securing  the 
tube  c  in  a  perpendicular  position.  When  the  jar  b  is  charged 
to  a  certain  intensity,  it  discharges  itself  between  the  knob  a 
and  the  small  ball  /,  which,  with  the  wire  connected  with  it, 
may  be  occasionally  fitted  on  the  top  of  the  tube  c.  The 
strength  of  the  shocks  is  regulated  by  the  distance  between 
a  and  f. 

By  the  same  apparatus,  inflammable  mixtures  of  gases  may 
be  exploded  by  electricity.  In  this  case,  however,  the  jar  b 
is  unnecessary,  a  spark  received  by  t  from  a  being  sufficient  to 
kindle  the  mixture. 

The  method  of  weighing  gases  is  very  simple,  and  easily 
practised.  For  this  purpose,  however,  it  is  necessary  to  be 
provided  with  a  good  air-pump ;  and  with  a  globe  or  flask, 
furnished  with  a  brass  cap  and  air-cock,  as  shown  fig.  22,  b» 
A  graduated  receiver  is  also  required,  to  which  an  air-cock  is 
adapted,  as  shown  at  fig.  22,  a. 

Supposing  the  receiver  a  to  be  filled  with  any  gas,  the 
weight  of  which  is  to  be  ascertained,  we  screw  the  cock  of 
the  vessel  b  on  the  transfer  plate  of  an  air-pump,  and  exhaust 
it  at  completely  as  possible.     The  weight  of  the  exhausted 
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Tessel  is  then  very  accurately  taken,  even  to  a  small  fractioii 
of  a  grain;  and  it  is  screwed  upon  the  air«*cock  of  the  m^ 
ceiver  a.  On  opening  both  cocks,  the  last  of  which  should 
be  turned  very  gradually,  the  gas  ascends  from  the  vessel  a ; 
and  the  quantity,  which  enteirs  into  the  flask,  is  known  bgr 
the  graduated  scale  on  £z.  On  weighing  the  vessel  a  second 
time,  we  ascertain  how  many  grains  have  been  admitted.  If 
^e  have  operated  on  common  air,  we  shall  find  its  weight  to 
be  at  the  rate  of  about  30.5  grains  to  100  cubical  inches* 
The  same  quantity  of  oxygen  gas  will  weigh  about  34*  grainSy 
and  of  carbonic  acid  gas  upwards  of  47  grains. 

In  experiments  of  this  kind  it  is  necessary  either  to  operate 
ivith  the  barometer  at  30  inches,  and  the  thermometer  at  60^ 
Fahrenheit,  or  to  reduce  the  volume  of  gas  employed  to  that 
pressure  and  temperature,  by  rules  which  will  presently  be 
given.  Great  care  is  to  be  taken,  also,  not  to  warm  any  of 
Uie  vessels  by  contact  with  the  hands,  from  which  they  should 
be  defended  by  a  glove.  On  opening  the  communication  bc^ 
tween  the  receiver  and  the  exhausted  globe,  if  any  water  be 
lodged  in  the  air-cock  attached  to  the  former,  it  will  be 
forcibly  driven  into  the  globe,  and  the  experiment  will  be 
frustrated.  This  may  be  avoided  by  using  great  care  in  fiUiqg 
the  receiver  with  water,  before  passing  into  it  the  gas  und<^ 
examination. 

The  specific  gravity  of  any  gas  compared  with  common  air 
is  readily  known,  when  we  have  once  determined  its  absolute 
weight.  Thus  if  100  cubic  inches  of  air  weigh  30.5  grainy 
and  the  same  quantity  of  oxygen  gas  weighs  34<  grains^  we  sa^ 

S0.5  :  34  ::  1.000  :  1.1147. 
The  specific  gravity  of  oxygen  gas  will  therefore  be  as  1,1147 
to  1.000.  We  may  determine,  also,  the  specific  gravity  «if 
gases,  more  simply,  by  weighing  the  flask,  first  when  full-  of 
common  air,  and  again  when  exhausted;  and  afl^rwards  by 
admitting  into  it  as  much  of  the  gas  under  examination  as  it 
will  receive ;  and  weighing  it  a  third  timie.  Now  as  the  loss 
between  the  first  and  second  weighing  is  to  the  gain  of  weight 
on  admitting  the  gas,  so  is  common  air  to  the  gas  whose  sp^ 
cific  gravity   we   are  estimating.     Supposing,  for  exampl<^ 


that  by  exhausting  the  dnsk  it  loses  30.5  grams,  and  that  bj 
sdtnitling  carbonic  aciti  it  gains  47  ;  tben 

30.5  :  47  ::  1.000  :  1.B409. 
The  bpeci^C  gravity  ol'  carbonic  acid  is  therefore  1 .5*09,  air 
being  taken  at  1.000.  Atid  knowing  its  sjiecific  gravity,  w« 
can,  without  any  farther  cKpcrimenl,  determine  the  weight 
of  100  cubic  inches  of  carbonic  acid ;  for  as  the  specific  grib- 
vitj>  of  air  is  to  that  of  carbonic  acid,  so  is  30.S  to  the  num- 
iw  required;  or 

1.000  :  1.5*09  ::  30.5  :  47. 
Ooe  handretl  inches  of  carbonic  acid,  therefore,  will  weiglt 
17  grain  B. 

Preriously  to  undertaking  experiments  on  other  gases,  it 
nay  be  well  for  an  unpractised  experimenialist  to  acquire 
nunaal  dexterily  by  transferring  common  air  from  one  vessel 
Uothers  of  different  sizes,  in  the  tbllowing  manner. 

1.  When  a  glasa  jar,  closed  at  one  end,  is  filled  with  water, 
snit^  h«ld  with  it^  mouth  downwards,  in  however  small  a 
<)Uaiitity  of  water,  the  fluid  is  retained  in  its  place  by  the 
preunre  of  the  atmosphere  on  the  surface  of  the  exterior  water. 
Pyi  in  this  manner,  and  invert,  on  the  shelf  of  the  pneumatie 
trough,  one  of  the  JHrs,  which  is  iiimished  wiih  a  stopper 
{fig.  23).  Tlte  water  will  remain  in  the  jar  so  long  as  the 
•topper  is  close<l ;  but  immediately  on  removing  it,  the  water 
witt  descend  to  the  same  level  within  hs  without ;  for  it  is  novr 
preued,  e<fually  upwards  nnd  downwards,  by  the  atmosphere, 
and  fidls  iheretbre  in  cunseijiience  of  its  own  gravity. 

1.  Place  the  Jar  filled  with  water  and  inverted,  over  one 
of  tbe  fbnncls  of  the  shelf  of  the  pneumatic  trough.  Then 
lake  another  jur,  filled  (ns  it  will  be  of  course)  with  alnio- 
spherical  air.  Place  the  latter  with  its  mouth  on  the  surface 
of  the  wnter;  anil  on  pressing  it  in  the  same  position  below 
tb«  turfeco,  the  inclnded  air  will  remain  in  its  situation. 
Bring  the  moiilh  of  the  j.ir  beneath  the  funnel  in  the  shel^ 
and  incline  it  gradually.  The  air  will  now  rise  in  bubble^ 
tbroogh  the  fuunet,  into  the  upper  jar,  and  will  expel  tktt 
water  from  it  into  the  trough. 

S<  Let  one  of  the  jars,  provided  with  a    stop-cock  at  Am 
bepUced  full  of  air  on  tbe  >kelf  of  tlietreogb.     Scicw 
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upon  it  an  empty  bladder ;  open  the  communication  between 
the  jar  and  the  bladder,  and  press  the  former  into  the  water. 
The  air  will  then  pass  into  the  bladder,  till  it  is  filled ;  and 
when  the  bladder  is  removed  from  the  jar,  and  a  pipe  screwed 
upon  it,  the  air  may  be  again  transferred  into  a  jar  inverted 
in  water. 

.  For  the  purpose  of  transferring  gases  from  a  wide  vessel 
standing  over  water,  into  a  small  tube  filled  with  and  inverted 
over  mercury,  I  have  long  used  the  following  simple  contri- 
Tance  of  Mr.  Cavendish.  A  tube,  eight  or  ten  inches  long, 
and  of  very  small  diameter,  is  drawn  out  to  a  fine  bore,  and 
bent  at  this  end,  so  as  to  resemble  the  italic  letter  /.  The 
point  is  th^n  immersed  in  quicksilver,  which  is  drawn  into 
the  tube  till  it  is  filled,  by  the  action  of  the  mouth.  Placing 
the  finger  over  the  aperture  at  the  straight  end,  the  tube  filled 
with  quicksilver  is  next  conveyed  through  the  water,  with  the 
bent  end  uppermost,  into  an  inverted  jar  of  gas.  When  the 
finger  is  removed,  the  quicksilver  falls  fil3m  the  tube  into  the 
trough,  or  into  a  cup  placed  to  receive  it,  and  the  tube  is  filled 
with  the  gas.  The  whole  of  the  quicksilver,  however,  must 
not  be  allowed  to  escape;  but  a  column  must  be  left,  a  few 
inches  long,  and  must  be  kept  in  its  place  by  the  finger.  Re* 
move  the  tube  from  the  water;  let  an  assistant  dry  it  with  a 
towel  or  with  blotting  paper ;  and  introduce  tlie  point  of  the 
bent  end  into  the  aperture  of  the  tube  standing  over  quicks 
silver.  On  withdrawing  the  finger  from  that  aperture  which 
is  now  uppermost,  the  pressure  of  the  column  of  quicksilver, 
added  to  the  weight  of  the  atmosphere,  will  force  the  gas 
from  the  bent  tube  into  the  one  standing  in  the  mercurial 
trough. 

'  On  every  occasion,  when  it  is  necessary  to  observe  the 
precise  quantity  of  gas,  at  the  commencement  and  close  of  an 
experiment,  it  is  essential  that  the  barometer  and  thermometer 
should  exactly  correspond  at  both  periods.  An  increased 
temperature  or  a  fall  of  the  barometer,  augments  the  appa- 
xent  quantity  of  gas;  and  a  reduced  temperature  or  a  higher 
barometer  diminishes  its  bulk.  Another  circumtfance^  an 
atienlion:  to  which  is  indispensable  in  all  accurate  experimeott, 
is  that  the  surface  of  the  fluid,  by  which  the  gas  is  confinedy 
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sboald  be  precisely  at  llie  same  level  wltliln  and  without  the 
jar.  If  the  fluid  be  higiier  witliin  the  jnr,  the  contained  gas 
wHI  be  wider  a  less  pressure  timn  that  of  the  atmosphere,  the 
weight  of  which  is  counterpoised  by  thtit  of  thu  column  of 
flaid  within.  In  mercury,  this  source  of  error  is  of  very  con- 
sidemble  amount ;  us  any  person  may  be  satisfied  by  raising 
ibove  the  surface  of  the  quicksilver  of  a  trough,  a  tube  partly 
filled  with  that  fluid,  and  partly  with  air,  for  the  Tolunte  of  the 
air  will  enlarge  as  the  surface  of  the  mercury  within  the  lube 
it  elevated  above  the  outer  surface. 

In  experiments  on  gases,  it  is  not  always  possible  to  begin 
•nd  conclude  an  experiment  at  precisely  the  same  tempe- 
rtture^  or  with  the  same  height  of  the  barometer ;  or  even  to 
bring  tlie  mercury  within  and  without  the  receiver  to  the 
Uine  level.  In  these  cases,  therefore,  calculation  becomes 
necewmry ;  and  witli  the  view  of  comparing  results  mure  rea- 
dily and  accurately,  it  is  usual  to  reduce  quantities  of  gas  to 
the  bnlk  they  would  occupy  under  a  given  pressure,  and  at 
a  given  temperature.  In  this  country,  it  is  now  customary  to 
assume  as  a  standard  30  inches  of  the  barometer,  and  60°  of 
Fahrenheit's  thermometer;  and  to  bring  to  these  standards 
observations  made  under  other  degrees  of  atmospheric  pres- 
sure and  temperature.  The  rules  for  these  corrections,  which 
are  sufficiently  simple,  are  the  Ibllowing : 

RiUes/or  reducing  the  I'olume  of  Gases  to  a  mean  ilmglU  of 
the  Baromtler,  and  mean  Ttmperaltire, 

I.  from  the  space  occupied  hy  any  ijuanlity  'if  gat  under  an 
observed  degree  of  pressure,  to  infer  wh<it  iti  volume  would  be 
under  the  mean  height  of  the  barometer,  taking  thii  at  30  inches, 
as  is  now  most  usual. 

This  is  done  by  the  ride  of  proportion ;  for,  as  the  mean 
boght  Is  to  the  observed  height,  so  is  the  observed  volume  to 
the  volume  required.  For  example,  if  we  wish  to  know  wltat 
space  would  be  filled,  under  a  pre&siire  of  30  inches  of  mer- 
cury, by  a  quantity  of  gas,  which  fills  lOO  inches,  when  the 
barometer  is  at  29  inches, 

30  :  2<)  ::  100:  96.66. 
The  100  inches  would,  therefore,  be  reduced  to  96.66. 
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2.  To  esiisnoie  what  would  be  ibe  V9lume  qfaporiiomofgOMf 
if  brought  to  ike  iemperature  qfQti^  Pairen/mi,. 

Divide  the  whde  quantity  of  ga»»by  480:  the  quotient 
show  the  amonnt  of  its  eKpansion  or  contraction  by 
degree  of  Fabrettfaeit's  thermometer*  Multiply  this  by  the 
munber  of  degree^  which  the  gaaexceeds^  or  falls  below,,  60^.. 
If  the  temperature  of  the  gas  be  above  60^,  subtract,' or  if i 
below  60^,. add,. the  product  to  the  absolute  quantity  of  gtti^ 
and  therefnainder  in  the  first  case,  or  sum  in  the  second,.  wilL 
be  the  answer.  Thus,  to  find  what  space  100  cubic  inches  of 
gas  at  50°  would  occupy  if  raised  to  60°,.  divide  100  by  4«60; 
the  quotient  0.^8  multiplied' by  10  gives  2.08,  whicb  added 
to  100  gives  1:02.08  the  answer  required.  If  the  temperature 
had  been  70^>  and  we  had  wished  to  know  the  volume  whiok 
the  gaS' would  have  occupied  at  60%  the  same  number  2AX8' 
must  have  been  subtracted  from  100,  and  97.92^;  would  httve 
been  the  answer. 

3.  In  some  cases^  it  is  necessary  to  make  a  double  coireo* 

tiouj  or  to  bring'  the  gas-  to  a  memi*  both  of  the  barometer  omL 

thermometer.     We  must  dien  first^correct  the  temperature,: 

and  aftenwards'the  pressure;     Thus^to  know  what  space.  10(K 

inches  of  gas  at  l(fi  Faln*enheit^.  and-  29  inches  harometeiv. 

would  fill  at  60°  Fahrenheit  and  SO  inches  barometei^  we  firati.^ 

reduce  the  100  inches,  by  the  second  process^  to  97*92.     Thoa 

by  the  first 

90 :  29  : :  97.92  :  94>.65«. 

Or  100  inches  thus  corrected^  would  be  only  94.63. 

4.  To  ascertain  whai  would,  be  the  absolula  weights  of  a 
given  volume  of  gas  at  a  mean  temperature^  from  the  knownr^ 
weight  of  an  equal  volume  al  antfi  other  temper aiitre  ;  first,  fincL 
by  the  second  process  what  would  be  its  bulk  at  a  mean  tenir^ 
perature;  and  then  saj^M  aa  the  covrected  bulkisto  tlieaotnal 
weighty  so  ia  the:  obaorved  bulk  toi  the  numbec  requsedw 
Thus  ifweihave.  100  oubio*  inobea^  o£gas  weig^g  5a  giiaiasi 
at^MP  Eahrenheiti  ifahei'tampeiel«raiwena.raised  t»60P  tlwgi^ 
navld  e3^aiMlftatlQa.08t<    And 

102.08  :  50  ::  10a^4a. 
Therefore  100  inches^ of; tbe  same  gi»  at  tf 0^  would  weigh  49 
grains. 


5.  To  learn  the  aholuie  weight  of  a  ginen  volume  of  gat 
Wider  a  mean  pressure,  from  its  knoum  tve'i^kt  under  an  olaerved 
pressure,  say,  as  the  observed  pressure  is  to  the  iTieen  pressure^ 
10  is  llie  olijerved  weight  to  the  corrected  weight.  For  ex- 
ample', having  100  inches  of  gns  which  n-cigb  50  graini  under 
■  pressure  of  2S  inches,  to  know  what  100  inches  oftlie  same 
gas  would  weigh,  the  barometer  being  30  inches, 

29  :  30  ::  50  :  fil.72. 
Then  ]  00  inches  of  the  same  gas,  under  30  inches  pressure, 
woald  weigh  51.72  grains. 

6>  In  some  cases  it  is  necessary  lo  combine  the  two  lost 
ealculiitions.  Thus,  if  100  inches  of  gas  at  50°  Fahrenheit, 
sad  undrr  39  inches  pressure,  weigh  50  grnin»,  to  And  what 
wotUd  he  the  weight  of  100  inches  at  60°  Fahrenheit,  and 
imtler  SO  inches  of  the  barometer,  first  correct  the  tempera- 
lure^  which  reduces  the  weight  to  49  grains.     Then, 

29  :  30  : :  *9  :  B0.7. 
One  hundred  inelies,  therefore,  would  weigh  50.7  grains^ 

Corrections  for  Moisture  in  Gases. 

ilher  correction,  which  it  is  often  necessary  to  maks/in 
taking  the  weight  of  gases,  is  for  the  quantity  of  aqueous  va- 
pour dilTused  through  them.  It  is  obvious  that  nil  gases, 
which  arc  specifically  heavier  than  aqueous  vapour,  must  have 
timr  specific  gravity  diminished  by  admixture  witli  slenm; 
and,  on  the  contrary,  all  gases  that  are  specifically  Hghler  than 
neam  must  have  their  specific  gravity  increased  by  that  ad^ 
mixture.  For  ttie  following  forniulie,  I  am  indebted  to  Mr. 
Dalton,  who  has  obligingly  stated  them  at  my  request. 

"  At  ordinary  temperatures,  the  tension  or  etasticily  of 
aqueous  vapour  vories  from  -j-i-j-  to  -jij  of  the  whole  atmi^ 
■pberic  pressure ;  in  the  present  case,  it  is  supposed  lo  be  a 
given  qiiantity.  The  specific  gravity  of  |)ure  steam  compared 
with  that  of  common  air,  under  like  circumstances  of  tem- 
perature and  pressure,  is,  according  to  Gay  Lussac,  as  0'62O 
tol. 

Let  a  =  weight  of  100  cubic  inches  of  dry  oommoD  air>ab 
the  pressur«.SO  inches  and  tampeKatuce  €0°  Fahr.;  p-=  my 


■         uie  pre 
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yariable  pressure  of  atmospheric  air;  andy*=:  pressure  or  ten-'-^A 
sion  of  vapour  in  any  moist  gas.     Then  the  following  formulsi|t.. 
will  be  found  useful  in  calculating  the  volumes,  weights,  and 
q)ecific  gravities  of  dry  and  moist  gases ;  putting  M  for  thit- 
volume  of  moist  gas ;  D/or  that  of  dry  gas  ;  and  V  for  that  ^ 
of  vapour,  all  of  the  same  pressure  and  temperature. 

1.  M  =  D  +  V.  -ii 

2.  l:zl  M  =  D.  ai 

p 

3.  -=^  M  =  V.  '^ 

4.  M=^,  =  ^ 

P-f        f 

If  we  wish  to  infer  the  specific  gravity  of  any  dry  gas  from, 
the  observed  specific  gravity  or  weight  of  the  same  mijped  with 
vapour,  it  will  be  convenient  to  expound  p  by  that  particular 
value  which  corresponds  with  a,  namely  SO  inches  of  mercury  | 
and  let  s  =  the  specific  gravity  of  the  dry  gas,  and  w  =  the 
observed  weight  of  100  cubic  inches  of  the  moist  gas. 

Then  we  shall  have  the  following,  viz. : 

5.  ^^^.  i  a  +  —  X  .620  a  =  w. 

90  p 

90        /  f  \ 

6.  J  =  ^  (  w  —  —  X  .620  a.  ) 

30-/a\  p  I 

Exemplifications. 

1.  98  vol.  dry  air  +  2  vol.  vapour  s=  100  vol.  of  moist  air. 

2.  Given  p  =  30,/=  .6,  and  M  =  100. 

Then  ?^.  M  =:  D,  the  dry  air,  =  98+. 

3.  And  —  M  =  V,  the  vapour,  =  1|-. 

4.  Given  D  =  100,  p  =s  30,  /  =  .4. 
Then     ^  ^ —  =  101.35,  the  moist  air. 
Given  V»  =  2,  p  =  30,/  =  .3. 
Then  — ^  s  200,  the  nuiist  air. 


*  It  it  easy  to  tee  that  V,  in  thit  and  the  other  catet,  mostly  will  de- 
aole  a  irlnoal  Tolame  only  ;  or  tnch  at  would  result ,  if  the  vapour  were 
coodciitiblelikt  a  pa,  wiihoiil  being  conTerttble  into  a  liqold. 
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5.  Let/  =  .5,  J  =  1.1 11,  a  =  30.5,  p  =  29.5, 

Then  -^  1 .1 1 1  x  S0.5  +  ^  x  .62  x  30.5= 33.64= a',  which 

gives  the  specific  gravity  1.103. 

6.  Let/  a,  and  p  as  above,  and  u/  =  2.5,  corresponding  ta 
sp.  gr.  0.8197. 

Then  '  =  ■W^t,(^'^  -  9&  '<  -62  X  80-5)  =  -O^^e^- 

The  above  formulae  apply  equally  well  if  V  be  a  permanent 
gas,  or  any  other  vapour  beside  that  of  water,  the  specific 
gravity  of  the  gas  or  vapour  being  substituted  instead  of  .620 
that  of  steam." 
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CHAPTER  ir. 

OF  CHEMICAL   AFFINITY. 

AiA  bodiet).  composing  the  material  system  of  the  universe^ 
have  a  mutual  tendency  to  approach  each  other,  whatsoever 
may  be  the  distances  at  which  they  are  placed.  The  opeiu-^ 
tion  of  this  force  extends  to  the  remotest  parts  of  the  planetary 
system,  and  is  one  of  the  causes  that  preserve  the  regularity 
of  their  orbits.  The  smaller  bodies,  also,  that  are  under  our 
tnore  immediate  observation,  are  influenced  by  the  same 
power,  and  fall  to  the  Earth^s  surface,  when  not  prevented 
by  the  interference  of  other  forces.  From  these  facts,  the 
existence  of  a  property  has  been  inferred,  which  has  been 
called  aitraciion^  or  more  specifically,  the  attraction  ofgravitor 
tion.  Its  nature  is  entirely  unknown  to  us ;  but  some  of  its 
laws  have  been  investigated,  and  successfully  applied  to  the 
explanation  of  phenomena.  Of  these,  the  most  important  ar^ 
that  the  force  of  gravity  acts  on  bodies  directly  in  proportion 
lo  the  quantity  of  matter  in  each  ;  and  that  it  decreases  in  the 
reciprocal  proportion  of  the  squares  of  the  distances. 

From  viewing  bodies  in  the  aggregate,  we  may  next  pro- 
ceed to  contemplate  them  as  composed  of  minute  particles. 
Of  the  nature  of  these  particles,  we  have  no  satisfactory  evi- 
dence. It  is  probable  that  they  consist  of  solids,  which  are 
incapable  of  mechanical  division,  but  are  still  possessed  of  the 
dimensions  of  length,  breadth,  and  thickness.  In  simple 
bodies,  the  particles  must  be  all  of  the  same  nature,  or  Aomo- 
geneous.  In  compound  bodies,  we  are  to  understand,  by  the 
term  particles^  the  smallest  parts  into  which  bodies  can  be 
resolved  without  decomposition.  The  word  atom  has  of  late 
been  revived,  to  denote  both  these  kinds  of  particles ;  and  we 
may,  therefore,  speak  with  propriety  of  simple  atoms  and  of 
compound  atoms.  When  two  atoms  of  di£ferent  kinds  unite  to 
form  a  third  or  compound  atom,  we  may  term  the  two  first 
component  atoms  ^  and  if  these  have  not  been  decompofted^ 
they  may  be  called  elementary  or  primary  atoms. 


SSCr.  I.  CHEMICAL  AFFINITY,  &C.  99 

tlie atoms  or  particles  of  bodies  are  hIso  infliienced  by  the 
force  of  attraction,  but  not  unless  wlien  plnced  in  apparaot 
contact.  Hence  a  distinction  has  been  made  between  gravita> 
tion,  and  tbat  kind  of  attraction  whicii  is  effective  only  at 
ioseosible  distances.  The  latter  lias  been  called  conligtiout 
aUracliun  x>t  ajfinily  ;  and  it  has  been  distinguiblied,  as  il  is 
exerted  between  particles  of  matter  of  tlie  same  kind,  gr  be- 
twecn  particles  of  a  dlff^trent  kind. 

By  the  affinily  aJ'aggregiliuH,  tlie  cohesive  fiffinily,  or,  more 
Ninply  cvkeslon,  la  to  be  understood  that  force  or  power,  by 
wfiicli  particles  or  atoms  of  mntter  of  llie  same  kind  attract  each 
other,  the  only  effect  of  this  affinity  being  an  aggregate  or 
mass.  Tlius  a  lump  of  copper  may  be  considered  as  composed 
of  ao  infinite  number  of  minute  panicles  or  iutegrani  parts, 
eecb  of  wtiicb  litts  preciticlj'  the  same  properties,  as  tbose  that 
belong  to  the  whole  mass.  These  are  united  by  the  force  of 
cohesion.  But  if  the  copper  be  combined  with  anotlier  metal 
(such  as  ziiic),  we  obtain  a  comiraund  (brass),  the  constituent 
parts  of  which,  copper  and  ziuc,  are  combined  by  the  power 
of  chemical  affinity.  In  simple  bodies,  therefore,  cohesion  is 
the  onlv  force  exerted  between  llieir  particles.  But  in  com- 
pound bodies,  we  may  distinguish  the  force,  with  which  the 
primary  or  compotiertl  atoms  are  united,  from  (hat  which  the  com- 
pound atoms  exert  towards  each  other;  the  former  being  united 
by  chemical  affinity,  and  the  latter  by  the  cohesive  attrac- 
tion. 


SECTION  I. 


0/  Cohesioji,  Solulion,  and  Cryslallixalio 


RUE  cohetive  affinity  is  a  properly,  which  is  c<Hnnion  to  s 
t  Jtmety  of  bodies.  It  is  most  sirougly  i^erted  in  solids  i 
and  in  (JwK  it  is  proportionate  to  the  mtKluinicai  force  re- 
quired fQr  ef&ctinff  their  disunion.  In  liquids,  ititcts  wiU) 
conbiderabty  less  energy ;  and  in  utirifurm  bodies  we  liavie  no 
oidence  that  it  cxi^U  at  all ;  lor  their  particles,  as  will  ftfter- 
w«rds  be  nhown,  are  mutually  reinilsive,  awd,  if  not  held  »- 
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gether  by  pressure,  would  probably  separate  to  immeasurable 
distances.  The  force  of  this  attraction  is  not  only  different 
among  different  bodies,  but  in  various  states  of  the  same 
body.  Thus  in  the  cohesion  of  certain  metals  (steel  for  in- 
stance),  important  changes  are  produced  by  the  rate  of  coot 
ing,  by  hammering,  and  by  other  mechanical  oi^erations. 
Water,  also,  in  a  solid  state,  has  considerable  cohesion,  which 
is  much  diminished  when  it  becomes  liquid,  and  is  entirely 
destroyed  when  it  is  changed  into  vapour. 

The  most  important  view,  in  which  the  chemist  has  to  con- 
sider cohesion,  is  that  of  a  force  either  counteracting  or  modi« 
fying  chemical  affinity ;  for  the  more  strongly  the  particles  of 
any  body  are  united  by  this  power,  the  less  are  they  disposed 
to  enter  into  combination  with  other  bodies.  In  many  casesi 
a  very  powerful  affinity  existing  between  two  substances  may 
be  rendered  wholly  inefficient,  by  the  strong  cohesion  of  one 
or  both  of  them.  Hence  it  has  been  received  as  an  axiom, 
that  the  affinity  of  composition  is  inversely  proportionate  to  the 
cohesive  affinity.  To  the  language,  however,  in  which  this 
axiom  is  expressed,  it  has  been  justly  objected,  that  it  implies 
an  accuracy  of  proportion  between  the  forces  of  cohesion  and 
of  chemical  affinity,  which  cannot  be  proved  to  exist ;  since 
all  that  can  truly  be  affirmed  is,  in  general  terms,  that  the 
affinity  of  composition  is  less  effective,  as  the  attraction  of 
cohesion  is  stronger. 

The   cohesion  of  bodies  may  be  overcome,   1st,  by  me- 
chanical operations,  as  by  rasping,  grinding,  pulverising,  and 
other  modes  of  division,  which  are  generally  employed  as  pre- 
liminary steps  to  chemical  processes.     In  some  instances,  even 
a  minuter  division  of  bodies  is  necessary,  than  can  be  accom-* 
plished  by  mechanical  means;  and  recourse  is  then  had  to 
precipitation.    Silica,  for  example,  in  the  state  of  rock  crystal, 
may  be  boiled  for  a  long  time  in  liquid  potash,  without  any 
appearance  of  chemical  action.     It  may  even  be  bruised  to  the 
iinest  powder,  without  being  rendered  sensibly  soluble.     But 
when  first  precipitated  from  a  state  of  chemical  solution,  it  is 
readily  dissolved  by  that  menstruum,  and  even  by  some  acids. 
2dly.  Cohesion  may  be  counteracted  by  heat,  applied  so  a$ 
to  melt  one  or  both  of  the  bodies,  if  fusible;  or  to  raise  them 
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into  vapour,  if  volatile.  Lead  and  sulphur  cootrnct  no  union, 
tUI  one  or  both  oi'  ihem  is  melted  by  heat.  Arsenic  and  sul- 
phur arc  united  most  effectually)  by  biinf;ing  tliem  into  con- 
tact, when  both  are  in  a  stale  oF  vapour. 

Sdly.  Cuhesion  may  be  counternctcd  by  solution ;  and  this 
is  so  gc-neral  .1  condition  oi*  chemical  union,  that  it  we»> 
formerly  received  ns  an  axiom,  that  todies  do  not  act  on  each 
other,  unless  one  or  holh  are  in  n  stale  of  solvlion  ;  a  principle, 
to  which  the  ])rogrcM  of  chemical  science  has  since  discovered 
many  exceptions. 

The  term  solution  is  applied  to  a  very  extensive  class  of  phe- 
nomena. When  a  solid  disappears  in  a  licjiufl,  if  the  com- 
pound exhibit  perfect  transparency,  we  have  an  example 
of  solution.  The  expression  is  applied,  both  to  the  act  of 
combination,  and  to  the  result  of  the  process.  When  common 
salt,  such  B8  is  used  in  cookery,  is  nj»itnted  with  water,  it  dis- 
appears; in  other  words,  its  solution  takes  place ;  and  we  also 
term  the  liquid  which  is  obtained,  a  solution  vf  salt  in  water. 
This  is  one  of  the  simplest  cases  that  can  he  adduced,  of  the 
efficieDcy  of  chemical  affinity;  for  solution  is  always  the  result 
of  an  affinity  between  the  fluid  and  the  solid  which  is  acted 
upon,  feeble  it  is  true,  yet  sufficient  in  force  to  overcome  the 
cohesion  of  the  solid.  This  affinity  continues  to  act,  until,  at 
length,  a  certain  point  is  attained,  where  the  affinity  of  the 
solid  and  fluid  for  each  other  is  overbalanced  by  the  cohesion 
of  the  solid,  and  the  solution  cannot  be  carried  farther.  This 
point  is  called  saturation,  and  the  fluid  obtained  is  termed  a 
saturated  solid  ion. 

M"ith  respect  to  common  salt,  wafer  acquires  no  increase 
of  it!  solvent  power  by  the  application  of  heal.  But  there 
are  various  salts  with  which  water  may  be  saturated  at  the 
common  temperature  of  the  atmosphere,  and  will  yet  be 
capable  of  diseolvlng  a  still  farther  quantity  by  an  increase  of 
its  temperature.  When  a  solution,  thus  cliarged  with  an  ad- 
ditional quantity  of  salt,  is  allowed  to  cool,  the  second  portion 
of  salt  is  deposited  in  a  form  resembling  its  original  one. 

To  recover  a  salt  from  its  solution,  if  its  solubility  does  not 
vary  with  the  temperature  of  the  solvent,  as  in  the  instance 
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of  common  salt,  it  is  necessary  to  expel  a  portion,  of -the  flaid 
by  heat  This  constitutes.tbe  process  of  evaporaium.  Iftbe 
evaporation  be  carried  on  very  slowly,  so  that  the  particles  of 
the  solid  may  approach  each  other  in  the  way  best  adapted  to 
tbem,  we  obtain  solid  figures,  of  a  regular  shape,  called  orys^ 
dels.  The  crystallization  of  a  solid  may  also  take  place  from 
that  state  of  fluidity  which  is  produced  by  heat.  Thus  several 
of  the  metals  crystallize  on  cooling  from  a  melted  state ;  and 
Home  volatile  bodies,  as  arsenic,  assume,  when  condensed  from 
the  state  of  vapour,  the  shape  of  regular  crystals. 

In  the  act  of  separating  From  the  water  in  which  they  were 
dissolved,  the  crystals  of  almost  all  salts  carry  with  tbem  a 
quantity  of  water,  which  is  essential  to  the  regularity  of  their 
form,  and  cannot  be  expelled  without  reducing  them  to  shape- 
less masses.  It  is  termed  their  waier  of  crysiallixation.  Its 
proportion  varies  in  different  salts ;  in  some  it  is  extremely 
amall ;  in  others  it  constitutes  the  principal  part  of  the  salt^ 
and  is  even  so  abundant,  as  to  liquefy  them  on  the  applica* 
tion  of  heat,  producing  what  is  called  the  watery  fusion.  Id 
every  salt  it  exists,  not  in  an  uncertain  but  in  a  definite  propor- 
tion, bearing  in  the  same  salt  tlie  same  ratio  to  the  solid  saline 
matter,,  but  differing  for  different  salts.  The  water  of  crys- 
tallization is  retained  also  in  different  salts  with  very  dif- 
ferent degrees  of  force.  Some  crystals,  which  lose  their  wa- 
tery ingredient  by  mere  exposure  to  the  atmosphere,  are: aaid 
to  effloresce.  Others,  on  the  contrary,  notonly  hold,  their  watlor 
of  crystallization  v^y  strongly,  but  even  attract  more;  and^. 
on  exposure  to  the  atmosphere,  become  liquid,  or  deliquiaie. 
The  property  itself  is  called  deliqnescenee. 

When  two  salts  are  contained  io;the  same  solution,  which 
vary  in  their  degree  of  solubility,. and  which  have  no  remarfe- 
able  attraction  for  each  other,  they  may  he  obtained  separate* 
Por  by  carefully  reducing  the  quantity  of  the  solvent  by  eva- 
poration, the  ;uilt  whose  pai^ticles  liaw  the  greatest  oahesioD» 
will  crystallize  finst.  If  both  salts  are  more  soluble  in  ha^ 
than  in  cold  water,  the  crystals  wiU.not  appear  till  the  liquid 
cools.  But  if  one  of  them,  like  common  salt,  i&  equally  solu- 
ble in  hot  and  in  cqIU  water^  crystals  will  appear,  even' during 
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theact  of  evaporation.  In  this  wny  we  may  complet^'ly  sepa- 
rate iiitre  from  common  salt,  tho  crystals  of  (lie  Inlier  being 
formetl  during  e^'aporation  ;  while  tliose  of  nitre  do  not  nppcnr 
lill  some  time  after  the  fiuid  lias  cooled. 

Snlu,  which  are  thus  deposited  in  regular  shapes,  gtnernlly 
adhere  to  the  surlnce  of  the  vessel  containing  the  solution,  or 
to  any  substance,  such  as  pieces  of  thread  or  of  wood,  intro- 
duced for  the  purpose  of  collecting  tliem.  But  a  still  more 
effectual  way  of  inducing  crystallization  is  to  immerse,  in  the 
toiution,  a  crystal  of  the  siimc  kind  u  ith  that  uhicli  we  expect 
to  be  formed.  The  ci'ystal,  thus  exposed,  receives  successive 
additions  to  its  several  surfaces,  and  preserves  its  form,  with 
a  considerable  addition  to  its  magnitude,  Tliis  curious  fact 
va»  originally  noticed  by  Lc  Blanc,  who  lins  founded  on  it  a 
method  of  obtaining  large  and  perfect  crystals. 

In  tome  instances,  the  affinity  of  a  salt  for  its  solvent  is  so 
powerful,  that  it  will  not  separate  from  it  in  the  form  of  crys- 
tals; but  will  yet  crystallize  from  another  fluid,  which  is 
capable  of  dissolving  it,  and  for  which  it  has  a  weaker  affinity. 
Potn»s,  for  instance,  cannot  be  made  to  crystallize  from  its 
walery  solution,  but  will  yet  separate,  in  a  regular  form,  from 
its  solution  in  nlcohol. 

-Every  solid,  that  is  susceptible  of  crystallization,  has  a 
tendency  to  assume  a  peculiar  shape.  Thus  common  salt, 
when  most  perfectly  crystallized,  forms  regular  cubes;  nitre 
has  the  shape  of  a  six-stded  prism;  and  alum  that  of  an  oc- 
tahedron. It  has,  indeed,  been  alleged,  as  an  objection  to  the 
modern  theory  of  crystallization,  that  minerals,  differing  essen- 
tially in  their  composition,  have  precisely  the  same  primitive 
form.  For  example,  the  primitive  form  of  carbonate  of  lime, 
and  of  the  compound  carbonate  of  lime  and  magnesia,  is,  in  * 
both,  a  regular  rhomboid,  so  nearly  rcsembliny  each  other, 
as  to  have  been  supposed  to  be  precisely  the  same.  In  this 
case,  however,  Dr.  \^'ollaston  has  shown,  that  though  the 
figures  are  similar,  yet  their  angles,  on  admeasurement  by  a 
nice  instrument,  difler  very  appreciably.*  But  other  instances 
have  been  since  brought  forward  by  M.  Beudanf,  in  which 
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artificial  salts,  composed  of  dissimilar  ingredioits,  have  iA# 
jame  crystalline  form;  and  Dr.  Wodlaston  has  satisfied  faimadf 
of  the  accuracy  of  M.  Beudant's  remark,  that  the  mixed  aol* 
phates  of  copper  and  iron,  of  zinc  and  iron,  and  of  copper^ 
xinc,  and  iron,  assume  forms,  in  which  no  •difiierence  has  yet 
been  discovered  firom  that  of  simple  sulphate  of  iron  akme** 
He  apprehends,  indeed,  that  on  minute  investigation,  some 
difference  will  be  found,  either  in  the  angles  or  linear  measavea 
of  those  different  salts ;  but  till  this  has  been  established,  the 
fiicts,  as  they  stand,  must  be  acknowledged  to  be  exoeptaooi 
to  the  principle,  that  ideniily  of  crystalline  form  is  necessarihf 
connected  with  identity  of  chemical  composition.  In  the  instances 
which  have  been  given,  the  perfect  transparency  «f  the  ays* 
tals  forbids  our  considering  them  as  an  intermixture  of  foreign 
matter  grouped  together  by  sulphate  of  iron ;  and  this  ezpl»- 
nation  is,  also,  irreconcileable  with  the  fact,  discoivered  by 
Dr.  WoUaston,  that  a  mixed  solution  of  sulphates  of  zinc  and 
copper,  in  certain  prc^rtions,  afibrds  crystals  which,  though 
containing  no  iron,  still  agree  so  nearly  in  form  with  thme 
of  sulphate  of  iron,  that  he  could  not  undertake  to  point  out 
any  difierence  between  them. 

It  has  been  long  known  that  the  same  solid  admits  of  great 
varieties  of  crystalline  £gure,  without  any  variation  of  its  che> 
mical  composition.  Calcareous  spar,  for  example,  appears  in 
six-sided  prisms,  in  three  or  six-sided  pyramids,  and  in  many 
other  shapes.  These  varieties  are  occasioned  by  occidental 
drpumstances*  which  modify  the  operation  -of  the  force  of 
cohesion.  The  diversities  of  shape  are,  on  first  view,  eoe- 
tremely  numerous ;  and  yet,  upon  a  carefbl  examination  and 
comparison,  they  are  found  to  be  reducible  to  a  small  number 
^  of  simple  figures,  which,  for  each  individual  species,  is  always 
the  same. 

The  attempt  to  trace  all  the  observed  forms  of  crystals  to 
3  few  simple  or  primary  ones,  seems  to  have  originated  with 
Bergman  f.  In  the  instance  of  calcareous  spar,  this  distin- 
guished chemist  demonstrated  that  its  numerous  modifications 

•  Thomson's  Aanals,  xi.  26«,  283.  xiii.  12(5,  and  Milscherlich  Ann.  dc 
.  Ghioi.  «l  Pbys.  xhr.  170, 326. 
t  Bergman's  Essays,  ii. 
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auiy  possibly  result  froin  one  simple  figure,  the  rhomb,  by 
the  iiccuniulalion  of  which,  in  various  wtiys,  crj-slals  of  the 
most  opposite  forms  may  be  generated.  This  theory'  he  ex- 
tende<l  to  crystals  of  e\'cry  kind ;  nnd  he  accounted  (or  the 
differences  of  their  external  figures,  by  varieties  of  their  me- 
chanical elements  or  minute  molecules. 

About  the  same  period  with  Bergman,  or  immediately 
oflenrnrds,  M.  Rom^  dc  I'l&le  pursued  still  farther  the  theory 
of  the  siructure  of  ci^ystals.  He  rcduceti  the  study  ofcrystal- 
lof^phy  to  principles  more  exact,  nnd  more  consistent  with 
observation.  He  classed  together,  as  much  as  he  was  able, 
crystals  of  the  same  nature.  From  nmonf^  the  different  forms 
belonging  to  the  same  species,  he  selected,  for  the  primitive 
rorro,  oiie  which  appeared  to  him  to  be  tlie  most  proper,  on 
aocotrat  of  its  simplicity.  Supposing  this  to  be  truncated  in 
diflemit  manners,  he  deduced  the  other  forms,  and  established 
B  certain  gradation,  or  series  of  passages,  from  the  primitive 
form  to  complicated  figures,  which  on  first  view  would  scarcely 
appear  to  have  any  connexion  with  it.  To  the  dcscriptiom 
and  figures  of  the  primitive  forms,  he  added  the  mechanical 
measurement  of  the  principal  angles,  and  showed  that  these 
angles  are  constantly  the  same  in  each  variety.  It  must  be 
acknowledged,  however,  that  the  primitive  forms,  assumnl  by 
Ihts  philosopher,  were  entirely  imaginary,  nnd  not  the  result 
of  any  experiineniul  analysis.  His  method  was  to  frame  an 
hypothesis;  and  then  to  examine  its  coincidence  with  actual 
appearances.  On  his  principles  any  form  might  have  been 
the  primitive  one,  and  any  otlter  have  been  deduced  from  it. 

h  was  reserved  for  the  sagacity  of  the  Abb^  Haiiy  to  unfold 
the  true  tlicory  of  the  structure  of  cr^'stals,  and  to  support  it 
both  hy  experimental  and  mathematical  evidence.  By  the 
incchnntcal  division  of  a  complicated  crystal,  he  first  obtains 
the  simple  form,  and  afterwards  constructs,  by  the  varied  ac- 
camuhition  of  the  primitive  figure,  according  to  ninthcmaticol 
lynthests,  all  the  observed  varieties  of  that  species. 

Every  crystal  may  be  dividcil  by  means  of  proper  instm- 

menti ;  and,  if  split  in  certain  directions,  presents  plane  and 

smooth  snrfeccB.     If  split  in  other  directions,  the  fracture  re 

,  ia  the  mere  effect  of  violence,  and  Is  not  guided  by 

I)  2 
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th^  natural  joining  of  the  crystal.  This  fact  had  been  long 
known  to  jewellers  and  lapidaries;  and  an  accidental  obser- 
▼ation  of  it  proved,  to  the  Abb^  Haiiy,  the  key  of  the  whole 
theory  of  crystallization.  By  the  skilful  division  of  a  aix- 
sided  prism  of  calcareous  spar,  he  reduced  it  to  a  rhomb^  pr^ 
cisely  resembling  that  which  is  known  under  the  name  of  Ice- 
land crystal.  Other  forms  of  calcareous  spar  were  subjected 
to  the  same  operation ;  and,  however  different  at  the  outset, 
finally  agreed  in  yielding,  as  the  last  product,  a  rhomboidal 
solid.  It  was  discovered  also  by  Haliy,  that  if  we  take  a 
crystal  of  another  kind  (the  cubic  fluor  spar  for  instance),  the 
nucleus,  obtained  by  its  mechanical  division,  will  have  a  di& 
ferent  figure,  viz.  an  octahedron.  Other  crystallized  bodies 
produce  still  different  forms ;  which  are  not,  however,  very 
numerous.  Those  wbicli  have  hitherto  been  discovered,  are 
reducible  to  six;  the  parallelopipedon,  which  includes  the 
cube,  the  rhomb,  and  all  the  solids  which  are  terminated  by 
six  faces,  parallel  two  and  two ;  the  tetrahedron ;  the  octahe- 
dron ;  the  regular  hexahedral  prism ;  the  dodecahedron  with 
equal  and  similar  rhomboidal  planes;  and  the  dodecahedron 
with  triangular  planes. 

The  solid  of  the  primitive  form,  or  nucleus  of  a  crystal  ob- 
tained by  mechanical  division,  may  be  subdivided  in  a  direc- 
tion parallel  to  its  different  faces.  All  the  sections  thus  pro- 
duced being  similar,  the  resulting  solids  are  precisely  similar 
in  shape  to  the  nucleus,  and  difier  from  it  only  in  size,  which 
continues  to  decrease  as  the  division  is  carried  farther.  To 
this  division,  however,  there  must  be  a  limit,  beyond  which 
we  should  come  to  particles  so  small,  that  they  could  no 
longer  be  divided.  At  this  term,  therefore^  we  must  stop :  and 
to  these  last  particles,  the  result  of  an  analysis  of  the  primitive 
nucleus,  and  similar  to  it  in  shape,  Haliy  has  given  the  name 
of  the  inlegrunt  molecule.  If  the  division  of  the  nucleus  can 
be  carried  on  in  other  directions  than  pai*aliel  to  its  faces,  the 
integral  molecule  may  then  have  a  figure  different  from  that 
of  the  nucleus.  The  forms,  however,  of  the  integrant  mole- 
cule, which  have  hitherto  been  discovered,  are  only  three;  the 
tetrahedron,  the  simplest  of  pyramids ;  the  triangular  prism, 
the  simplest  of  prisms;  and  the  parallelopipedon,  including 
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the  cube  and  rhomboid,  the  simplest  of  soUds  wliicli  have 
their  feces  parallel  two  nnd  two.  With  respect  to  octahedral 
crystals,  there  is  h  tlifliculty,  whether  ihe  octnliedron,  or 
tetrahedron,  is  to  be  adopte<l  as  the  primilive  form;  and, 
whichsoever  be  choseii,  since  neither  of  them  cnii  fill  space 
without  leaving  vacuities,  it  is  not  easy  lo  conceive  any  ar- 
nngement,  by  which  the  particles  will  remain  at  rest.  To 
obviate  this  tKfficiilty,  Dr.  WoUaslon  has  suggested  that,  in 
iuch  instances,  the  elemcnlary  particles  may  bo  perfect 
^heres ;  and  by  the  due  application  of  spheres  to  each  other, 
be  has  shown,  that  a  variety  of  crystalline  forms  may  be  pro- 
linced;*  lis.  the  octahedron,  the  tetrahedron,  and  the  acute 
rhomboid.  If  other  particles,  having  the  same  relative  ar- 
rangement, be  supposed  to  have  the  shape  of  oblate  spheroid?, 
the  r^ular  rhomboid  will  be  the  resulting  figure  ;  and  if  the 
spheroids  be  oblong  instead  of  oblate,  they  will  generate  prisma 
of  three  or  six  sides.  The  cube,  also,  Dr.  Wollaston  has 
shown,  may  be  explained  by  the  aggregation  of  spheroidical 
particles. 

A  method  of  deveiopiiig  the  structure  of  crystals,  by  a  new 
process,  which  appears  greatly  superior  to  that  of  mechanical 
diviaion,  has  been  described  by  Mr.  Daniel.+  It  consists  in 
exposing  any  moderately  suluble  salt  to  the  slow  and  regu- 
lated action  of  a  solvent.  A  shnpclesa  mass  uf  alum,  for 
instance,  weighing  about  1500  grains,  being  immersed  in  15 
ounce  measures  of  water,  and  set  by,  in  a  quiet  place,  for 
a  period  of  three  or  four  weeks,  will  be  found  to  have 
been  more  dissolved  toward  the  upper  than  the  lower  part, 
and  to  have  assumed  a  pyramidal  form.  On  further  cxami- 
Tiation,  the  lower  end  of  the  mass  will  present  the  form  of 
octahedrons  and  sections  of  octahedrons,  in  high  relief  and 
of  various  dimensions.  They  will  be  most  distinct  at  its 
lower  extremity,  becoming  less  so  as  they  ascend.  This  new 
process  of  dissection  admits  of  extensive  application.  Borax 
in  the  course  of  six  weeks,  exhibiu  eight  sided  prisms  with 
rarioua  terminations;  and  other  salts  may  bo  made  to  unfold 
their  external  structure  by  the  slow  agency  of  water.     Car- 
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bouafte  of  iimet  carbonate  of  strontites^  and  carbonate  q§ 
barytcs,  give  aUo  distinct  resuU%  when  acted  upon  by  weak 
acids;  and  even  amorphous  masses  of  those  metals,  whiek 
have  a  tendency  to  assume  a  crystalline  form^  such  as  bisiniitlHi 
antimony,  and  nickel,  when  exposed  to  very  dilute  nitric  acidk 
presented  at  the  end  of  a  few  days  distinct  crystalline  formic 
I^rge  crystals  of  sulphuret  of  antimony,  Mr.  Faraday  baft 
also  found,  admirably  illustrate  Mr.  Daniel's  mode  of  dicfilaji* 
ing  crystalline  texture.  When  such  a  crystal  is  introduced 
into  a  portion  of  fused  sulphuret,  it  begins  to  melt  down,  bui 
not  uniformly,  for  crystals  are  left  more  than  half  an  inch  long 
projecting  from  it.*  The  results  of  these  experiments,  when 
minutely  traced  and  investigated,  afford  strong  confirmatioa 
to  the  theory,  that  the  spheroidical  is  the  true  form  of  the  ullfc* 
mate  particles  of  crystallized  bodies. 

The  primitive  form,  and  that  of  the  integral  molecule  hav- 
ing been  experimentally  determined  by  the  dissection  of  a 
crystal,  the  next  step  is  to  discover  the  law,  according  to  whick 
these  molecules  are  arranged,  in  order  to  produce,  by  their 
accumulation  around  the  primitive  figure,  the  great  variety  of 
secondary  forms.  What  is  most  important  in  the  discoveries 
of  Haliy,  and  what  constitutes  in  fact  the  essence  of  his  theoij^ 
is  the  determination  of  these  law^  and  the  precise  meaauxe- 
men t  of  their  action.  He  has  shown  that  all  the  parts  of  a 
secomlacy  crystal,  superadded  to  the  primitive  nucleus,  coo* 
sist  of  laminae,  which  decrease  gradually  by  the  subtractioD 
of  one  or  more  layers  of  integrant  molecules  ;  so  that  theorji 
is  capable  of  determining  the  number  of  these  ranges,  andj 
by  a  necessary  consequence,  the  exact  form  of  the  secondaxjf. 
crystal. 

By  the  developement  of  these  laws  of  decrement^  Haiiy. 
lias  shown  how,  from  variations  of  the  arrangement  of  tha> 
integrant  molecules,  a  great  variety  of  secondary  figures  m^p 
be  produced.  Their  explanation,  however,  would  involve  a. 
rainutcnes&  of  detail,  altogether  unsuitable  to  the  purpoas  oC 
this  work:  and  I  refer,  therefore,  for  a  very  perspicuous stata*» 
loeni  of  them,  to  the  first  and  ninth  volumes  of  the  Pluloso^r 
phical  Magazine. 

*  Jour,  tff  &ieiicoaiid  the  Arts,  xi.  SOt^ 


fwnr.  II.  cmiMicAL  AnriN-irv^  ftc.  M 

A  popular  view  of  the  subject  of  crystallography  may  hm 
htmd  also  in  Mr.  Larkin's  *^  Introduction  to  Solid  Geome- 
tif/*  London,  1820 ;  and  modeU  of  crystals,  very  neatly  and 
aeevrately  cut  in  wood,  may  be  procured  from  the  author  of 
that  work,  which  will  eaaentially  facilitate  the  student's  pro* 
grass,  llie  use  of  the  goniometer  is  quite  necessary  to  the 
aceorate  determination  and  description  of  the  forms  of  crystals* 
When  great  precision  is  not  required,  and  the  crystal  is  of 
considerable  size,  the  common  goniometer  will  suflBciently  an«- 
iper  the  purpose ;  but  to  obtain  very  correct  admeasurements^ 
the  reflecting  goniofneter  of  Dr.  Wollaston  is  alone  worthy  of 
dependence.  Both  these  instruments  are  described,  and  per* 
ipicooiis  directions  given  for  their  use,  in  a  very  useful  little 
folome  published  by  Mr.  William  Phillips,  under  the  title  of 
^  An  Elementary  Introduction  to  the  Knowledge  of  Mi* 
neralogy,*'  and  also  in  the  first  volume  of  ^^  Conversations  <^ 
Mineralogy,"  where  distinct  and  excellent  engravings  are 
given  of  both  instruments. 


SECTION  II. 

Of  Chemical  Jffinity,  and  the  General  Phenomena  of  Chemical 

Action. 

Chemical  affinity,  like  the  cohesive  attraction,  is  effective 
ooiy  at  insensible  distances :  but  it  is  distinguished  from  the 
latter  force,  in  being  exerted  between  the  particles  or  atoms  of 
bodies  of  different  kinds.    The  result  of  its  action  is  not  a 

re  aggregate,  having  the  same  properties  as  the  separate 
and  differing  only  by  its  greater  quantity  or  mass,  but 
a  new  compound,  in  which  the  pr<^rties  of  the  components 
have  either  entirdy  or  partly  disappeared,  and  in  which  new 
^pwlititf  are  also  iq>parenl.  The  combinations  efiected  bf 
ekemical  affinity  are  permanent,,  and  are  destroyed  only  by  the 
interference  of  a  more  powerful  force,  either  c^  the  same  or  of 
a  different  kind. 

As  a  general  exemplification  of  chemical  action,  we  may 
that  which  takes  place  between  potasn  and  salpbuna 
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acicL  In  their  separate  state,  each  of  these  bodies  is  dttt 
guished  by  striking  peculiarities  of  taste,  and  by  other  qn 
ties.  The  alkali,  on  being  added  to  blue  vegetable  infusio 
xhanges  their  colour  to  green ;  and  the  acid  turns  them  r 
JBut  if  we  add  the  one  substance  to  the  other,  very  caution 
and  in  small  quantities,  examining  the  effect  of  each  additi* 
we  shall  at  length  attain  a  certain  point,  at  which  the  liqi 
ivill  possess  neither  acid  nor  alkaline  qualities ;  the  taste  i 
he  converted  into  a  bitter  one ;  and  the  mixture  will  prodi 
no  effect  on  blue  vegetable  colours.  Here  then,  the  qualii 
x>f  the  constituent  parts,  or  at  least  «ome  of  their  most  i 
portant  ones,  are  destroyed  by  combination.  When  oppoa: 
properties  thus  disappear,  the  bodies  combined  have  b 
said  to  saturate  each  other;  and  the  precise  term,  at  wh 
ihis  takes  place,  has  been  called  the  point  of  saturation.  I 
advisable,  however,  to  restrict  this  expression  to  weaker  cc 
binations,  where  there  is  no  remarkable  alteration  of  qualit; 
as  in  cases  of  solution ;  and  to  apply  to  those  results  of  m 
energetic  affinities,  which  are  attended  with  loss  of  propert 
the  term  neutralization. 

At  the  same  time  that  the  properties  of  bodies  disappear 
combination,  other  new  qualities^  both  sensible  and  chemi< 
ure  acquired;  and  the  affinities  of  the  components  for  ot 
substances  become  in  some  cases  increased,  in  others  dii 
nished  in  energy.  Sulphur,  for  cxamfHe,  is  destitute  of  tat 
«mell,  or  action  on  vegetable  colours ;  and  oxygen  gas  is, 
these  respects,  equally  inefficient.  But  the  compound  ofi 
phur  and  oxygen  is  intensely  acid ;  the  minutest  portion 
jstantly  reddens  blue  vegetable  infusions ;  and  the  acid  is  i 
posed  to  enter  into  combination  with  a  variety  of  bodies, 
ivhich  its  components  evinced  no  affinity.  Facts  of  this  k 
sufficiently  refute  the  opinion  of  the  older  chemists,  that 
properties  of  compounds  are  intermediate  between  those  of  tl 
component  parts;  for,  in  instances  like  the  foregoing, 
-compound  has  qualities,  not  a  vestige  of  which  can  be  tra 
to  either  of  its  elements. 

It  is  not,  however,  in  all  cases,  that  the  change  of  proper 
is  so  distinct  and  appreciable  by  the  senses,  as  in  the  install 
which  have  been  just  now  described.    In  some  examplci 
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Aenical  uoioo,  the  change  is  scarcely  perceptible  to  the  eye 
« the  tasle^  when  the  chemist  is  nevertheless  certain  that  com- 
Umuoo  must  have  taken  place.  This  occurs  chiefly  in  the 
■iitore  of  saline  solutions  with  each  other,  where  a  complete 
OBhiiige  of  principles  ensues,  without  any  evident  change  of 
fnpcrties.  Examples  of  this  kind,  cannot,  however,  be  un- 
kotaody  till  the  subject  of  complex  affinity  has  been  first  elu- 
aktcd. 

The  existence  of  chemical  affinity  between  any  two  bodies 
■  inferred,  therefore,  from  their  entering  into  chemical  com- 
bisation;  and  that  this  has  happened,  a  change  of  properties 
■qf  be  considered  as  a  sufficient  proof,  even  though  the 
ckoge  may  not  be  very  obvious,  and  may  require  accurate 
cuination  to  be  perceived  at  all. 

Hie  pr<x>f^  which  establishes  the  nature  of  chemical  com- 
poonds,  is  of  two  kinds^  synthesis  and  analysis.  Synthesis 
coosists  in  efiecting  the  chemical  union  of  two  or  more  bodies ; 
iod  analysis  in  separating  them  from  each  other,  and  cxhibit- 
iig  them  in  a  separate  state.  When  we  have  a  compound  oi 
two  or  more  ingredients,  which  are  themselves  compounded 
iko,  the  separation  of  the  compounds  from  each  other  may 
be  called  the  proximate  analysis  of  the  body ;  and  the  farther 
Kpsration  of  these  compounds  into  their  most  simple  prin- 
c^iles,  its  ullimaie  analysis.  Thus  the  proximate  analysis  of 
flilphate  of  potash  consists  in  resolving  it  into  potash  and  sul- 
phoric  acid ;  and  its  ultimate  analysis  is  effected  by  decom- 
ponng  the  potash  into  potassium  and  oxygen,  and  the  sul- 
phuric acid  into  oxygen  and  sulphur. 

When  the  analysis  of  any  substance  has  been  carried  as  far 
as  possible,  we  arrive  at  its  most  simple  principles,  or  elements^ 
fay  which  expression  we  are  to  understand,  not  a  body  that  is 
incapable  of  further  decomposition,  but  only  one  which  has 
wot  yti  been  decomposed.  The  progress  of  chemical  science^ 
fer  several  centuries  past,  has  consisted  in  carrying  still  farther 
the  analysis  of  bodies,  and  in  proving  those  to  be  compound- 
ed, which  had  before  been  considered  as  elementary. 

Beside  the  alteration  of  properties,  which  usually  accom- 
panies chemical  action,  there  are  certain  other  phenomena, 
which  are  generally  observed  to  attend  it. 
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1st.  In  almost  erery  instance  of  chemical  union,  the  spe* 
rific  gravity  of  the  compound  is  greater  than  might  have  been 
inferred  from  that  of  its  components ;  and  this  is  true  both 
of  weaker  and  more  energetic  combinations.  When  equal 
weights  of  water  and  sulphuric  acid  are  made  to  combine,  the 
specific  gravity  of  the  resulting  liquid  is  not  the  mean,  bat 
considerably  greater  than  the  mean.  The  law  extends  also 
to  solids.  But  though  general,  it  is  not  universal ;  for  in  a 
very  few  instances,  chiefly  of  aeriform  fluids,  condensation 
does  not  attend  chemical  union.  And  in  the  combination  of 
metals  with  each  other  the  reverse  even  takes  place,  the  com* 
pound  being,  in  some  cases,  specifically  lighter  than  might 
have  been  expected,  from  the  specific  gravity  of  its  elements, 
and  their  proportion  to  each  other. 

Sdly.  When  bodies  combine  chemically,  it  may  be  received 
as  a  general  fact,  that  their  temperature  changes.  Equal 
weights  of  oil  of  vitriol  and  water,  both  at  the  temperature  of 
50^  of  Fahr.  are  heated,  by  sudden  mixture,  to  considerably 
above  812^.  In  other  examples,  a  contrary  effect  takes  plaoe^  ^ 
and  a  diminished  temperature,  or,  in  other  words,  a  prodoo* 
tion  of  cold,  is  observed.  This  is  all  that  it  is  at  present  ne* 
cenary  to  state  on  the  subject,  which  will  be  more  fully  conr 
aidered  when  we  come  to  treat  of  caloric* 

8dly.  The  fhrms  of  bodies  are  often  materially  changed  hf 
chemical  combination.  Two  solids  may,  by  their  union,  bc^ 
come  fluid ;  or  two  fluids  may  become  solid.  Solids  are  also 
often  changed  into  aeriform  fluids;  and,  in  many  instanceSi 
the  union  of  two  airs,  or  gases,  is  attended  with  their  sudden 
conversion  into  the  solid  state.  By  long  exposure  of  quick- 
silver to  a  moderate  heat,  we  change  it  from  a  brilliant  liquid 
into  a  reddish  scaly  solid  ;  and  by  heating  this  solid  in  a  re* 
tort,  we  obtain  an  aeriform  fluid,  or  ga^  in  considerable 
quantity,  and  recover  the  quicksilver  in  its  original  form. 

4thly.  Change  of  colour  is  a  frequent,  but  not  universid 
eoDcomitant  of  chemical  action.  In  some  cases,  brilliant  co* 
lours  are  destroyed,  as  when  chlorine  is  made  to  act  on  sohH 
taoD  of  indigo.  In  other  instances,  two  substances,  which  are 
•early  colourless,  form,  by  their  union,  a  compound  dislin* 
goished  by  beauty  of  colour,  as  when  liquid  potash  is  addled 
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t»  fery  dilate  syrup  of  violets.  Certain  colours  appear  also 
to  belong  essentially  to  chemical  compounds,  and  to  be  ch»* 
ncteristic  of  them.  Thus  100  parts  of  quicksilver,  and  4  of 
fl^geBy  invariablj  gri^e  a  black  compound;  and  the  same 
fMOlicj'y  with  8  parts  of  oxygen,  a  red  compouud. 


SECTION  III. 

Of  the  Proparlions  in  which  bodies  combine  ;  and  of  the  Atomk 

Theory, 

In  the  chemical  combination  of  bodies  with  each  other,  a 
fcvkadinp;  circumstances  deserve  to  be  remarked. 
'  I&  Some  bodies  unite  in  all  proportions;    for  example, 
iMer  and  sulphuric  acid,  or  water  and  alcohol. 

Slly.  Other  bodies  combine  in  all  proportions,  as  far  as 
s certain  point,  beyond  which  combination  no  longer  takes 
Thus  water  will  take  up  successive  portions  of  corn- 
salt,  until  at  length  it  becomes  incapable  of  dissolving 
mj  more.  In  cases  of  this  sort,  as  well  as  in  those  included 
■Mkr  the  first  head>  combination  is  weak  and  easily  destroyed, 
shI  the  qualities  which  belonged  to  the  components  in  their 
Mpanrte  state  continue  to  be  apparent  in  the  compound. 

3diy.  There  are  many  examples  in  which  bodies  unite  in 
one  pvaportion  only ;  and  in  nil  such  cases  the  proportion  of 
Ae  dements  of  a  compound  must  be  uniform  for  the  specieA» 
Ikus  hydrogen  and  oxjgen  unite  in  no  other  proportions, 
thsB  those  constituting  water,  which,  by  weight,  are  very 
nearly  11-^  of  the  former  to  88-^  of  the  latter,  or  1  to  1\,  In 
cucsofthis  sort,  the  combination  is  generally  energetic;  ami 
Ae  diaracteristic  qualities  of  the  components  are  no  longer 
aberrable  in  the  coaipound. 

4thly.  Olber  bodies  uoite  in  several  pro]K>rtions :  but  these 
pioportions  are  definite^  and,  in  the  intermediate  ones,  no 
cootbinatioit  ensues.  Thus  400  parts  by  weight  of  charcoal 
coaibiBe  witli  132^  of  oxygen,  or  with  265y  but  with  no  inters 
■M^ate  quantity;  100  parts  of  manganese  coaibine  with  14 
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of  oxygen,  or  with  28»  or  with  42,  or  with  56,  and  with  those 
proportions  only* 

Now  it  is  remarkable^  that  when  one  body  enters  into  com* 
bination  with  another,  in  several  different  proportions,  the 
numbers  indicating  the  greater  proportions  are  exact  simple 
multiples  of  that  denoting  the  smallest  proportion.  In  other 
words,  if  the  smallest  proportion  in  which  B  combines  with  A, 
be  denoted  by  10,  A  may  combine  with  twice  10  of  B,  or 
with  three  times  10,  and  so  on ;  but  with  no  intermediate 
quantities.  There  cannot  be  a  more  striking  instance  of  this 
law  than  that  above  mentioned,  of  the  compounds  of  manga- 
nese with  oxygen ;  in  which  the  oxygen  of  the  three  last  com- 
pounds may  be  observed  to  be  a  multiplication  of  that  of  the 
first  (14)  by  the  numbers  2,  3,  and  4.  Examples,  indeed,  of 
this  kind  have,  of  late,  so  much  increased  in  number,  that  the 
law  of  simple  multiples  bids  fair  to  become  universal,  with  re- 
spect at  least  to  chemical  compounds,  the  proportions  of  which 
are  definite. 

Facts  of  this  kind  arc  not  only  important  in  themselves, 
but  also  on  account  of  the  generalizations  that  have  been  dc* 
duced  from  them ;  for  on  them  Mr.  Dalton  has  founded  what 
may  be  termed  the  Atomic  Theory  of  the  chemical  Ckmstiiutkm 
of  Bodies.  Till  this  theory  was  proposed,  we  had  no  adequate 
explanation  of  the  uniformity  of  the  proportions  of  chemical 
compounds ;  or  of  the  nature  of  the  cause  which  renders  com- 
bination, in  other  proportions,  impossible.  In  this  place  I 
shall  offer  only  a  brief  illustration  of  the  theory;  for  in  the 
course  of  the  work  I  shall  have  occasion  to  apply  it  to  the  ex- 
planation of  a  variety  of  phenomena. 

Though  we  appear,  when  we  effect  the  chemical  union  of 
bodies,  to  operate  on  masses^  yet  it  is  consistent  with  the  most 
rational  view  of  the  constitution  of  bodies  to  believe,  that  it 
is  only  between  their  ultimate  particles^  or  atoms^  that  combi- 
nation takes  place.  By  the  term  atoms,  it  has  been  already 
stated,  we  are  to  understand  the  smallest  parts  of  which  bodies 
are  composed.  An  atom,  therefore,  must  be  mechanically 
indivisible^  and  of  course  a  fraction  of  an  atom  cannot  exist, 
and  is  a  contradiction  in  terms.     Whether  the  atoms  of  dif- 


OCT.  III.  CHBMICAL  AFFlNITYy  &C.  45 

lot  bodies  be  of  the  same  size,  or  of  different  sizes,  we  have 
10  nflkient  evidence.  The  probabili^  is,  that  the  atoms  of 
bodies  are  of  unequal  sizes ;  but  it  cannot  be  deter* 
whether  their  sizes  bear  any  rqpilar  proportion  to  their 
nktive  weights.  We  are  equally  ignorant  of  their  shape ;  but 
it  Ji  probable,  though  not  essential  to  the  theory,  that  they  are 
fharical.  This,  however,  requires  a  little  qualification.  The 
AiBisof  all  bodies  probably  consist  of  a  solid  corpuscle,  form* 
Wf^  nucleus,  and  of  an  atmosphere  of  heat,  by  which  that 
MrpMde  is  surrounded ;  for  absolute  contact  is  never  sup* 
psEd  to  take  place  between  the  atoms  of  bodies.  The  figure 
rfs  ample  atom  may  readily,  there&re,  be  conceived  to  be 
ffceiical.  But  in  compound  atoms,  consisting  of  a  single 
aUnl  atom,  surrounded  by  other  atoms  of  a  different  kind, 
it  ii  obvious  that  the  figure  (contemplating  the  solid  cor- 
pedes  only)  cannot  be  spherical ;  yet  if  we  include  the  at- 
■ospbere  of  heat,  the  figure  of  a  compound  atom  may  be 
ipherical,  or  some  shape  approaching  to  a  sphere. 

Taking  for  granted  that  combination  takes  place  between 
the  atoms  of  bodies  only,  Mr.  Dalton  has  deduced,  from  the 
idstive  weights  in  which  bodies  unite,  the  relative  weights  of 
thdr  ultimate  particles,  or  atoms.  When  only  one  combi- 
ttttion  of  any  two  elementary  bodies  exists,  he  assumes,  un- 
km  the  contrary  can  be  proved,  that  its  elements  are  united 
stom  to  atom  singly.  Combinations  of  this  sort  he  calls  bijiary. 
But  if  several  compounds  can  be  obtained  from  the  same  ele- 
■eats,  they  combine,  he  supposes,  in  proportions  expressed 
bjr  some  simple  multiple  of  the  number  of  atoms.  The  fol- 
bwiog  table  exhibits  a  view  of  some  of  these  combinations : 

1  atom   of  A  +  1  atom  of  B  =  1  atom  of  C,  binary. 

1  atom   of  A  +  2  atoms  of  B  =  1  atom  of  D,  ternary. 

2  atoms  of  A  +  1  atom   of  B  =  1  atom  of  E,  ternary. 

1  atom   of  A  -f  3  atoms  of  B  =  1  atom  of  F,  quaternary. 

3  atoms  of  A  +  1  atom  of  B  =  1  atom  of  G,  quaternary. 

A  different  classification  of  atoms  has  been  proposed  by 
Berzelius,  viz.  into»  Istly,  elementary  atoms;  2dly,  compound 
atoms.    The  compound  atoms  he  divides  again  into  three 
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diffisrent  apedes,  namdy,  1  st,  atoms  formed  of  t>iily  mb  tie^^ 
mentary  sabstances  united,  or  compound  atoms  of  the  first  cr» 
4er :  Sdly,  atoms  composed  of  more  than  two  elementary  %%A^ 
stances ;  and  these^  as  they  are  only  found  in  organic  bodiei^ 
or  bodies  obtained  by  the  destruction  of  organic  matter,  be 
calls  organic  aicms :  Sdly,  atoms  formed  by  the  onion  of  two 
or  more  compound  atoms ;  as  for  example,  the  salts.  These 
he  calls  cotnpound  atoms  of  the  second  order. 

If  elementary  atoms  of  different  kinds  were  of  the  same 
m^j  the  greatest  number  of  the  atoms  of  A  that  could  be 
combined  with  an  atom  of  B  would  be  12;  for  this  is  tbe 
greatest  number  of  spherical  bodies  that  can  be  arranged  in 
contact  with  a  sphere  of  the  same  diameter.  But  this  equafi^ 
of  size,  though  adopted  by  Berzelius,  is  not  necessary  to  the 
hypothesis  of  Mr.  Dalton ;  and  is,  indeed,  supposed  by  him 
not  to  exist. 

As  an  illustration  of  the  mode  in  which  the  weight  of  tbe 
atoms  of  bodies  is  determined,  let  us  suppose  that  any  two 
elementary  substances,  A  and  B,  form  a  binary  compound; 
and  that  they  have  been  proved  experimentally  to  unite  in  the 
proportion,  by  weight,  of  5  of  the  former  to  4  of  the  latter; 
•then,  since,  according  to  the  hypothesis,  they  unite  particle 
to  particle,  those  numbers  will  express  the  relative  weights  of 
dieir  atoms.  But  besides  combining  atom  to  atom  singly^ 
1  atom  of  A  may  combine  with  2  of  B,  or  with  3,  4,  &c.  Or 
1  atom  of  B  may  unite  with  2  of  A,  or  with  5,  4,  &c  When 
ench  a  series  of  compounds  exists,  tbe  relative  proportion  of 
their  elements  ought  necessarily,  on  analysis,  to  be  proved  to  be 
5ofAto4ofB;  or  5  to  (4  +  4  =r)8;  or  5  to  (4  +  4  +  4  s£> 
12,  &c. ;  or,  contrariwise,  4  of  B  to  5  of  A ;  or  4  to  (5  +  5  =  ) 
10;  or  4  to  (5  +  5  +5  =)  15.  Between  these  the»  ought 
to  be  no  intermediate  compounds:  and  the  existence  of  any 
such  (as  5  of  A  to  6  of  B,  or  4  of  B  to  1\  of  A)  would,  if 
clearly  established,  militate  against  the  hypothesis. 

To  verify  these  numbers,  it  may  be  proper  to  examine  the 
combinations  of  A  and  B  with  some  third  substance,  for  ex- 
anpie  with  C.  Let  ns  suppose  that  A  and  C  form  a  binary 
compound,  in  which  analysis  discovers  5  parts  of  A  and  8  ofC. 
Then,  tf  C  and  B  are,  also,  capable  of  fiirming  a  binary  com^ 
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pouul,  the  relative  proportion  of  its  elements  ougbt  to  be  4  of 
B  to  S  of  C ;  for  these  numbers  denote  the  relative  weights  of 
Ur  at<Miis.  Now  this  is  precisely  the  method,  by  which 
Mr.  Dftltoo  has  deduced  the  relative  weights  of  oxygen,  hy- 
ingeoj  and  nitrc^en ;  the  two  first  from  the  known  compo- 
fltioQ  of  water,  and  the  two  last  from  the  proportion  of  the 
dbaents  of  ammonia.  Extending  the  comparison  to  a  va- 
necj  of  other  bodies,  he  has  obtained  a  scale  of  the  relative 
ni^ts  of  their  atoms. 

laaeveral  instances,  additional  evidence  is  acquired  of  the 
aearacy  of  the  weight,  assigned  to  an  element,  by  our  ob* 
feBing  the  same  number  from  the  investigation  of  several  of 
ik  componnds.     For  example : 

1.  In  wateTj  the  hydrogen  is  to  the  oxygen  as         1  to  8. 

2.  In  defiant  gasj  the  hydrogen  is  to  the  carbon  as  1  to  6. 
S*  In  carbcnic  oxide  the  oxygen  is  to  the  carbon  as  8  to  6. 

Wbedver,  there£nre,  we  determine  the  weight  of  the  atom 
if  carbon,  from  the  proportion  in  which  it  combines  with 
kgidrogen,  or  with  oxygen,  we  arrive  at  the  same  number  6; 
■1  agreement  which,  as  it  occurs  in  various  other  instances, 
scarcely  be  an  accidental  coincidence.  In  a  similar  man* 
',  8  is  deducible,  as  representing  the  atom  of  oxygen,  both 
the  combination  of  that  base  with  hydrogen  and  with 
cvbon ;  and  1  is  inferred  to  be  the  relative  weight  of  the 
Mom  of  hydrq^  irom  the  two  principal  compounds  into 
which  it  enters. 

Ib  selecting  the  body,  which  should  be  assumed  as  unity, 
Mr.  Dalton  has  been  induced  to  fix  on  hydrogen,  because  it 
is  that  body  which  unites  with  others  in  the  smallest  propor* 
tioD.  Thus,  in  water,  we  have  1  of  hydrogen  by  weight  to 
8  of  oxygen;  in  ammonia,  1  of  hydrogen  to  14  of  nitrogen; 
in  carboreted  hydrc^en,  1  of  hydrogen  to  6  of  carbon ;  and 
ID  salphnreted  hydn^en,  1  of  hydrogen  to  16  of  sulphur. 
Taking  for  granted  that  all  these  bodies  arc  binary  compounds^ 
we  have  the  following  scale  of  numbers,  expressive  of  the  re* 
Ittife  weights  of  the  atoms  of  their  elements : 
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Hydrogen    1 

Oxygen     8 

Nitrogen 14 

Gnrbon ;.    6 

Sulphur    16 

Drs.  Wollaston  and  Thofnson,  and  Professor  Berzelius,  on 
the  other  hand,  have  assumed  oxygen  as  the  decimal  unitf 
(the  first  making  it  10,  the  second  1»  and  the  third  100^) 
chiefly  with  a  view  to  facilitate  the  estimation  of  its  numerous 
compounds  with  other  bodies.  This,  perhaps,  is  to  be  re* 
grettcd,  even  though  the  change  may  be  in  some  respects 
eligible,  because  it  is  extremely  desirable  that  chemical  writers 
should  employ  an  universal  standard  of  comparison  for  the 
weights  of  the  atoms  of  bodies.  It  is  easy,  however,  to  reduce 
their  numbers  to  Mr.  Dalton's  by  the  rule  of  proportion*  Thus 
asS  (Mr.  Dalton's  number  for  oxygen,  corrected  by  the  latest  ex- 
periments) is  to  1  (his  number  for  hydrogen),  so  is  10  (Dr.  Wol- 
laston's  number  for  oxygen)  to  1.25  the  number  for  hydrogen* 

Sir  H.  Davy  has  assumed,  with  Mr.  Dalton,  the  atom  of 
hydrogen  as  unity ;  but  that  philosopher,  and  Berzelius  abo^ 
have  modified  the  theory,  by  taking  for  granted  that  water  is 
a  compound  of  one  proportion  (atom)  of  oxygen,  and  two  pro- 
portions (atoms)  of  hydrogen.  This  is  founded  on  the  fiEict, 
that  two  measures  of  hydrc^en  gas  and  one  of  oxygen  gas, 
are  necessary  to  form  water ;  and  on  the  supposition,  Aat 
equal  measures  of  difierent  gases  contain  equal  numbers  of 
atoms.  And  as,  in  water,  the  hydrogen  is  to  the  oxygen  by 
weight  as  1  to  8,  two  atoms  or  volumes  of  hydrogen  must,  on 
this  hypothesis,  weigh  1,  and  one  atom  or  volume  of  oxygen  8, 
or  if  we  denote  a  single  atom  of  hydrogen  by  1,  we  must  ex* 
press  an  atom  of  oxygen  by  16.  It  is  objectionable,  however^ 
to  this  modification  of  the  atomic  theory,  that  it  contradicts  a 
fundamental  proposition  of  Mr.  Dalton,  the  consistency  of 
which  with  mechanical  principles  he  has  fully  shown ;  namely, 
that  that  compound  of  any  two  elements,  which  is  with  most 
difficulty  decomposed,  must  be  presumed,  unless  the  contrary 
can  be  proved,  to  be  a  binary  one. 
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It  is  easy  to  determine,  in  the  manner  already  explained,  the 
Rktire  weights  of  the  atoms  of  two  elementary  bodies,  which 
Bite  only  in  one  proportion.  But  when  one  body  unites,  in 
^rent  proportions,  with  another,  it  is  necessary,  in  order  to 
acertain  the  weight  of  its  atom,  that  we  should  know  the 
■allest  proportion  in  which  the  former  combines  with  the 
ktter.  Thus,  if  we  have  a  body  A,  1:00  parts  of  which  by 
weight  combiue  with  not  less  than  32  of  oxygen,  the  relative 
vei^t  of  its  atom  will  be  to  that  of  oxygen  as  100  to  32;  or^ 
wAiring  these  numbers  to  their  lowest  terms,  as  25  to  8 ;  and 
the  number  25  will,  therefore,  express  the  relative  weight  of 
the  atom  of  A.  But  if,  in  the  progress  of  science,  it  should  be 
toBDdf  that  100  parts  of  A  are  capable  of  uniting  with  16  parts 
of  oxygen,  then  the  relative  weight  of  the  atom  of  A  must  be 
dooUed,  for  as  100  is  to  16,  so  is  50  to  8.  This  example  will 
arre  to  explain  the  changes,  that  have  been  sometimes  made, 
in  assigning  the  weights  of  the  atoms  of  certain  bodies  ; 
disDges,  which,  it  may  be  observed,  always  consist  either  in  a 
mnltiplication,  or  division,  of  the  original  weight,  by  some 
lifliple  number. 

There  are  (it  must  be  acknowledged)  a  few  cases,  in  which 
one  body  combines  with  another  in  different  proportions ;  and 
yet  the  greater  proportions  are  not  multiples  of  the  less,  by 
any  entire  number.    For  example,  we  have  two  oxides  of  iron, 
the  first  of  which  consists  of  100  iron  and  about  30  oxygen ; 
the  second  of  100  iron  and  about  45  oxygen.     But  the  num- 
bers 30  and  45  are  to  each  other  as  1  to  l-l^.     It  will^  however, 
render  these  numbers  (1  and  l^-)  consistent  with  the  law  of 
simple  multiples,  if  we  multiply  each  of  them  by  2,  which 
will  change  them  to  2  and  3 ;  and  if  we  suppose  that  there  is 
an  oxide  of  iron  (though  it  has  not  yet  been  obtained  experi- 
DienuUy),  consisting  of  100  iron  and  15  oxygen;  for  the  mul- 
tiplication of  this  last  number  by  2  and  3,  will  then  give  us 
the  known  oxides  of  iron. 

In  some  cases,  where  we  have  the  apparent  anomaly  of  1 
atom  of  one  substance,  united  with  1-^  of  another,  it  has  been 
proposed,  by  Dr.  Thomson/  to  remove  the  difficulty,  by 
multiplying  both  numbers  by  2 ;  and  by  assuming  that,  in 
such  compounds,  we  have  2  atoms  of  the  one  combined  with 

*  Thomsoa's  Anoalsg  r.  187. 
roz,  A  £ 
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5  atoms  of  (ihe  Other.  Sik4i  combinations,  it  is  trup,  are  ex- 
ceptions to  a  law  deduced  by  Berzelias ;  thaty  in  all  incrgofdc 
compounds^  one  of  the  constituents  is  in  tlie  state  of  a  single 
atom.  But  they  are  in  no  respect  inconsistent  with  the  views 
of  Mr.  Dalton ;  and  are,  indeed,  expressly  admitted  by  bim 
to  be  compatible  with  this  hypothesis,  as  well  as  confirmed 
by  experience.*  Thus  it  will  appear,  in  the  sequel,  thtt 
some  of  the  compounds  of  nitrogen  with  oxygen  are  consfti- 
toted  in  this  way. 

Several  objections  have  been  proposed  to  the  theory  of  Mr. 
Dalton ;  but,  of  these,  I  shall  notice  only  the  most  important. 

1  •  It  has  been  contended,  that  we  have  no  evidence,  when 
one  combination  only  of  two  elements  exists,  that  H  must  be 
a  binary  one ;  and  that  we  might  equally  well  suppose  it  to  be 
a  compound  of  two  atoms  of  the  one  body,  with  one  atom  of 
the  other.  In  answer  to^this  objection,  we  may  urge  the  pro- 
bability that  when  two  elementary  bodies  A  and  B  unite,  the 
most  energetic  combination  will  be  that  in  which  one  atom  df 
A  is  combined  with  one  atom  of  B ;  for  an  additional  atom  of 
B  will  introduce  a  new  force,  diminishing  the  attraction  of 
those  elements  for  each  other,  namely,  the  mutual  repulsion 
of  the  atoms  of  B;  and  this  repulsion  will  be  the  greater,  in 
proportion  as  we  increase  the  number  of  the  atoms  of  B. 

2dly.  It  has  been  said,  that,  when  more  than  one  compoond 
of  two  elements  exist,  we  have  no  proof  which  of  them  is  the 
binary  compound,  and  which  the  ternary ;  for  example,  that 
we  might  suppose  carbonic  acid  to  be  a  compound  of  an  atom 
of  charcoal  atid  an  atom  of  oxygen,  and  carbonic  oxide  to  be 
a  compound  of  an  atom  of  oxygen  with  two  atoms  of  charcoal. 
To  this  objection,  however,  it  is  a  satisfactory  answer,  that 
such  a  constitution  of  carbonic  acid  and  carbonic  oxide  would 
be  directly  contradictory  of  a  law  of  chemical  combination, 
namely,  that  it  is  attended,  in  most  cases,  with  an  increase  of 
specific  gravity.  It  would  be  absurd,  therefore,  to  suppose 
carbonic  acid,  which  is  the  heavier  body,  to  be  only  once  com- 
pounded, and  carbonic  oxide,  which  is  the  lighter,  to  be  twice 
compounded.  Moreover,  it  is  universally  obsei^ved,  that  of 
diemieal  compounds,  the  most  simple  are  the  most  difficult  to 
ht  decomposed;  and  this  being  the  case  with  carbonic  oxide, 

"*  Tbomsoti's  Amudsi  iii.  174. 
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E^  I  ieaqr  natomllj  sappcwe  it  to  be  more  simple  tban  carbonic 


3%.  It  has  been  remarked,  that  instead  of  supposing 
ftrto  eonrist  of  an  atom  of  oxygen  united  with  an  atom  of 
ifdrogen,  and  that  the  atom  of  the  former  is  7^  times  heavier 
that  of  the  latter,  we  might,  with  eqaal  probability,  ooih 
that,  in  water,  we  have  7^  times  more  atoms  m  number 
rfaaygen  than  of  hydrogen.  But  this,  if  admitted,  would 
invlve  the  absurdity,  that  in  a  mixture  of  hydrogen  and 
gases^  so  contrived  that  the  ultimate  atoms  of  eack 
be  in  equal  number,  seven  atoms  of  oxygen  should 
all  the  proximate  atoms  of  hydrogen,  in  order  to  unite 
lidi  one  at  a  distance,  for  which  they  must  necessarily  have  a 
III  affinity.  In  this  case,  a  less  force  must  overcome  a  greater* 
ad,  finally,  only  a  small  number  of  the  atoms  of  hydrogea 
woald  be  engaged  by  the  atoms  of  oxygen,  the  rest  remaining; 
a  a  state  of  freedom. 

h  would  be  claiming  too  much,  however,  for  the  theory 
d  Mr.  Dalton  to  assert  that,  in  its  present  state,  it  is 
ti  be  considered  as  folly  established  in  all  its  details.  In 
a  variety  of  cases,  as  will  appear  in  the  progress  of  this 
work,  we  stand  in  need  of  analyses  sufficiently  exact  to 
CDsbie  us  to  assign,  with  any  confidence,  the  relative  weights 
IB  which  bodies  combine.  It  is  probable  also,  that  many 
of  dieae,  now  considered  as  well  determined,  will  here-> 
sfier  be  essentially  changed.  The  instances,  in  which  the 
tteory*  agrees  with  the  results  of  analysis,  are  already  too 
OBDerons  to  allow  them  to  be  considered  as  accidental  coin* 
ddences ;  and  no  phenomena  have  hitherto  been  shown  to  be 
ineooncileable  with  the  hypothesis.  Its  value  and  impor- 
tHMe,  if  confirmed  by  the  aoces^on  of  new  facts,  will  be 
scvoely  less  felt  as  a  guide  to  further  investigations  into  the 
constitution  of  bodies,  than  as  a  test  of  the  accuracy  of  our  pre-> 
•OBt  knowledge ;  and  the  universality  of  its  application  to  che- 
«ical  phenomena  will  be  scarcely  inferior  to  that  of  the  law 
ef  gravitation  in  explaining  the  facts  of  natural  philosophy.* 

*  A  perspicaous  and  able  statement  of  the  atomic  theory,  published  by 
Mr.Evvart,  in  the  sixth  volume  of  Thomson's  Annals,  deserves  the  readet% 
fttmA.  Scaabo  Dr.  M'Nefio'f  paper  on  tht  Atomic  Theory,  a?  i.  M>»--281| , 
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A  modification  of  the  law  of  definite  proportions,  so  far  aa 
respects  aeriform  bodies,  has  been  proposed  by  Gay  Lusiac». 
jiamely,  that  they  combine  in  proportions  determinable  not 
by  weight  but  by  volume,  the  ratios  being  1  measure  of  A  to 
1  of  B,  or  1  to  2,  or  1  to  3,  &c.     Water,  for  example,  re* 
jsults  from  the  union  of  2  volumes  of  hydrogen  with  1  volume 
of  oxygen;  muriate  of  ammonia  from  I   volume  of  muriadc 
acid  gas  -f  1  of  ammonia;  nitrous  gas  from  1   measure  of 
oxygen  +  1  of  nitrogen;  nitrous  oxide  from  1  oxygen  +  2  ni* 
trogen;  nitrous  acid  from  2  oxygen  +  1  nitrogen.     In  some 
instances,  as  in  that  of  water,  this  law  is  not  inconsistent  with 
the  atomic  theory  ;  but  in  other  instances  it  cannot  be  recon- 
ciled with  the  relative  weights  assigned  to  the  atoms  of  certaiB 
elementary  bodies.     In  nitrous  gas,  for  example,  which  Mr* 
Dalton  conceives  to  be  formed  by  the  union  of  1  atom  of 
oxygen  with  1  atom  of  nitrogen,  equal  volumes  of  those  gases 
would  give  for  the  relative  weights  of  oxygen  and  nitrogCD^ 
numbers  differing  widely  from  those  derived  by  other  methods. 
The  two  hypotheses  of  atoms  and  of  volumes  cannot,  therefore^ 
both  be  true ;  and  from  some  well  ascertained  exceptions  to 
the  latter,  it  appears  to  me  that  the  theory  of  volumes  will 
scarcely  be  found  tenable. 

Before  dismissing  the  consideration  of  the  proportions  ia 
which  bodies  combine,  it  will  be  proper  to  notice  a  few  gene- 
ral principles,  which,  though  they  are  connected  with  the 
atomic  theory,  have  been  derived  from  experience. 

1 .  When  we  have  ascertained  the  proportion  in  which  any 
two  or  more  bodies  ABC,  &c.  of  one  class  neutralize  anoth^ 
body  X  of  a  different  class,  it  will  be  found  that  the  same  re- 
lative proportions  of  A  B  C,  &c.  will  be  required  to  neutraliie 
any  other  body  of  the  same  class  as  X.  Thus,  since  IQO  parta 
of  real  sulphuric  acid,  and  68  (omitting  fractions)  of  muriatic 
acid  neutralize  118  of  potash,  and  since  100  of  sulphuric  acid 
neutralize  71  of  lime,  we  may  infer  that  68  of  muriatic  add 
ivill  neutralize  the  same  quantity  (71)  of  lime.  The  great 
importance  of  this  law  will  readily  be  perceived,  not  only. aa  it 
enables  us  to  anticipate,  but  also  to  correct,  the  results  of 
.analysis. 

2dly.  If  the  quantities  of  two  bodies,  A  and  B,  that  are  ne> 
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to  SBtorate  a  given  weight  of  a  third  body  X,  be  re- 

by  q  and  r,  these  quantities  may  be  called  equwa^ 

bis.    Thus,  in  the  example  above  cited,   100  parts  of  sul- 

fkric  acid  and  68  of  muriatic  acid,  are  equivalente  of  each 

dher.    A  Table  of  EquivalenlSj  which  will  be  found  extremely 

mSA  in  Tarious  calculations,  will  be  given  in  the  Appendix. 

Bf  adapting  a  tabic  of  this  sort  to  a  moveable  scale,  on  th« 

frindple  of  Gunter's  sliding  rule.  Dr.  Wollaston  has  lately 

oastrncted  an  instrument,  called  the  Logomeiric  Scale  of  Che^ 

wkttl  Equivalents^  which  is  capable  of  solving,   with  great 

USitjj  a  number  of  problems,  interesting  both  to  the  scien* 

itc  and  practical  chemist  *     Some  applications  of  this  in- 

inment,  to  researches  into  the  constitution  of  organic  bodies^ 

kie  been  pointed  out  by  Dr.  Prout.   (Ann.  c-f  Phil.  vi.  270.) 


SECTION  IV. 
Of  Elective  jiffinity. 

An  important  law  of  aflfinity,  which  is  the  basis  of  almost 
all  chemical  theory,  is,  that  one  body  has  not  the  same  force 
cf  affinity  towards  a  number  of  others,  but  attracts  them  un- 
equally. Thus  A  will  combine  with  B  in  preference  to  C^ 
eren  when  these  two  bodies  are  presented  to  it  under  equally 
fcvourable  circumstances.  Or,  when  A  is  united  with  C,  the 
application  of  B  will  detach  A  from  C,  and  we  shall  have  a 
aew  compound  consisting  of  A  and  B,  C  being  set  at  liberty. 
Such  cases  are  examples  of  what  is  termed  in  chemistry  simpla 
ikeomposilion,  by  which  it  is  to  be  understood  that  a  body  acts: 
upon  a  compound  of  two  ingredients,  and  unites  with  one  of 


*  This  instrument  may  be  had,  with  printed  instructions  for  its  use,  of 
Mr.  Gary,  Optician^  London ;  and  its  cost  is  so  trifling,  tliat  I  consider  a 
phte  of  it  to  be  quite  unnecessary.  A  common  sliding  rule  will  be  found 
a  Biost  Dsefol  accompaniment  to  it.  This  also,  with  a  book  of  instructions 
Ibr  its  use,  by  Mr.  Bevan,  may  be  had  of  Mr.  Gary.  Facility  in  the  use  of 
tbe  common  sliding  rule  will  be  found  extremely  useful  to  the  chemist, 
pedally  in  all  operations  of  arithmetic,  in  which  proportion  is  conceroed 
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its  constituents,  leaving  tbe  other  at  liberty.  And  as  tha 
fi>rces  of  affinity  of  one  body  to  a  number  of  others  vary,  thia 
body  has  been  metaphorically  represented  as  making  an  eleo» 
tion ;  and  the  affinity  has  been  called  swgle-  elective  qffimLj/;. 
Thus  if  to  the  muriate  of  lime,  consisting  of  lime  and  mnp 
liatic  acid,  we  add  potash,  the  muriatic  acid  exerts  a  stronger 
elective  affinity  ibr  the  potash  than  for  the  lime;  and  ibt 
lime  falls  down  in  the  state  of  a  powder,  or  is  precipiiaied.  Of 
fiu^  of  this  kind  a  great  variety  have  been  comprehended  ia 
the  form  of  tables,  the  first  idea  of  which  seems  to  have  ogp 
curred  nearly  a  century  ago,  to  Geoffroy,  a  French  chemist. 
The  substance,  whose  affinities  are  to  be  expressed^  is  placed 
at  the  head  of  a  column,  and  is  separated  from  tne  rest  by  a 
liorizontal  line.  Beneath  this  line  are  arranged  the  bodie% 
with  which  it  is  capable  of  combining,  in  the  order  of  their 
respective  forces  of  affinity;  the  substance  which  it  attracts 
most  strongly  being  placed  nearest  to  it,  and  that,  for  which 
it  has  the  least  affinity,  at  the  bottom  of  the  column.  The 
affinities  of  muriatic  acid,  for  example,  are  exhibited  by  the 
Jbllowing  series : — 

MURIATIC   ACID. 


Barytes, 

Potash, 

Soda, 

Lime, 

Ammonia, 

Magnesia, 

&c.  &c. 

Simple  decompositions  may  be  expressed  also  by  another 
fijrm,  contrived  by  Bergman.  Thus  the  following  scheme  il- 
lustrates the  decomposition  of  muriate  of  magnesia  by  potash: — 

Muriate  of  Potash. 


Muriate      j  Muriatic  acid.  Pl»tash. 

^,^     .     i  Water  at  60^ 

31agQe8ia.  ^      Magnesia. 

vr 

Magnesia. 
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The  original  compound  (mucUte  of  mngncwa)  is  plticed  on 
the  outside  and  to  the  left  of  llic  verticle  bracket.  Tlic  in- 
clnded  spncc  contains  the  orif^iiinl  principtes  of  the  compound, 
and  (liso  the  body  which  is  added  lo  produce  dccomposilion. 
Above  and  below  the  horizontal  lines  are  placed  the  new  rosulls 
of  their  nction.  The  point  of  the  lower  hiirizontRl  line  beinp^ 
turned  downivards,  denotes  that  tlie  mngne»a  fulls  down  or  is 
precipitated;  and  the  upper  line,  being  perfectly  straight, 
■howA,  that  the  muriate  of  potash  remains  in  solution.  If  both 
the  bodies  had  remained  in  solution,  ihey  would  both  have 
been  placed  above  the  ujiper  line;  or,  if  both  had  been  pro* 
cipitatCf),  beneath  the  lower  one.  If  either  one  or  botli  had. 
escaped  in  a  volatile  form,  this  would  have  been  expressed  b;^ 
placing  the  volatilized  substance  above  the  diagram,  and  turn<- 
ing  upwards  the  middle  of  the  upper  horizontal  line.  But 
since  decompositions  vary  under  diiferent  circumstances,  it  is 
necessary  tu  denote,  by  tlic  proper  addition  to  the  scheme, 
that  the  l)odies  arc  dissolved  in  water  of  tlic  temperature 
of  60°. 

No  chemical  facts  can  nppear,  on  first  view,  more  simple  or 
intelligible,  than  those  which  are  explained  by  the  operation 
of  single  eleotivc  afhnity.  It  will  be  found,  however,  on  a 
more  minute  examination,  that  this  force,  abalracledly  con- 
sidered, is  only  one  of  several  cnuseB  which  are  concerned  iu 
diemical  decompositions,  and  that  its  action  is  modified,  and 
sometimes  even  subverloii,  by  counteracting  forces. 


SECTION  V. 

Of  the  Causes  ivhkh  mndifij  the  Aii'wn  nf  Chenikal  Affimlij. 

Tub  order  of  decomposition  is  not,  as  might  be  inferred 
from  the  law  of  elective  affinity,  invariable ;  but,  in  certain 
cases,  may  even  he  reversed.  Thus  though  A  may  aUruct  B 
more  strongly  than  either  A  or  B  is  attracted  by  C,  yei,  under 
some  circumstances,  C  may  be  employed  to  decom(M»*e  pas'- 
tuUly  the  comi>ound  A  B.  Again,  if  w«  mix  together  A  B  and 
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Q  using  the  two  first  in  the  proportions  required  to  neutralize 
each  other,  it  will  be  found  that  A  and  B  have  not  combined 
to  the  exclusion  of  C,  but  that  we  have  a  compound  of  B  with 
A»  and  another  of  B  with  C,  in  proportions  regulated  by  the 
quantities  of  A  and  C,  which  have  been  employed.  Facts  of 
Uiis  kind  have  been  long  known  to  chemists.  It  had  been  as- 
certained, for  example,  before  the  time  of  Bergman,  that  sul- 
phate of  potash,  a  salt  composed  of  sulplmric  acid  and  potash, 
is  partly  decompounded  by  nitric  acid,  although  the  nitric  has 
a  weaker  affinity  than  the  sulphuric  acid  for  that  alkali.  Ex- 
amples of  the  same  kind  have  since  been  multiplied  by  Ber- 
thollet,  who  has  asserted  that  in  the  following,  as  well  as  in 
other  cases,  a  substance  possessing  a  weaker  attraction,  dis- 
places another  having  a  stronger,  for  a  third  body  :* 

1.  Potash  separates  sulphuric  acid  from  barytes. 

2.  I^ime  separates  sulphuric  acid  from  potash. 

3.  Potash  separates  oxalic  acid  from  lime. 

4.  Nitric  acid  separates  lime  from  oxalic  acid. 

5.  Potash  separates  phosphoric  acid  from  lime. 

6.  Potash  separates  carbonic  acid  from  lime. 

7.  Soda  separates  sulphuric  acid  from  potash. 

These  facts,  and  a  variety  of  similar  ones,  arc  to  be  ex- 
plainedy  according  to  the  views  of  Berthollct,  on  the  following 
principles : 

1 .  When  two  substances  are  opposed  to  each  other  with  re- 
spect to  a  third,  as  in  the  foregoing  examples,  they  may  be 
considered  as  antagonist  forces ;  and  they  share  the  third  body 
between  them  in  proportion  to  the  intensity  of  their  action. 
But  this  intensity,  according  to  Berthollet,  depends  not  only 
on  the  energy  of  the  affinities^  but  on  the  quantities  of  the  two 
bodies  opposed  to  each  other.  Hence  a  larger  quantity  of 
one  of  the  substances  may  compensate  a  weaker  affinity,  and 
the  reverse.  To  the  absolute  weight  of  a  body,  multiplied  bj 
4he  degree  of  its  affinity,  he  has  given  the  name  of  mass^  a 

•  In  each  of  the  examples  given  in  the  Table,  the  body,  first  mentioned,' 
^eeomposes  a  compoond  of  the  second  and  third,  although  its  attraction  for 
the  aecond  n  inferior  to  that  of  the  third. 
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term  in  some  def^reo  objection  able  from  the  clifTLient  menniiig 
which  is  sflixec)  lo  it  in  mcchnnical  pliilosopby.  As  an  illustra- 
tion, Jet  UB  suppose  {whiit  is  not  strictty  accurnte  in  point  of 
bet)  ihnt  the  iiflinity  ofbnrj'tcs  for  muriatic  acid  is  twice  as 
sironf;  as  lliat  of  potnsh,  or  that  these  nfliniiicsnre  resjwctively 
dmoted  by  the  numbers  i  and  2.  In  this  case  the  same  mass 
will  result  from  +  parts  of  baryles  as  fiom  H  of  potnsh  ;  be- 
cause tiie  same  product  (16)  is  obtained  in  ejicb  instance,  by 
multiplying  the  number  indicating  the  affinity  iiiio  that  de- 
noting the  quantity;  for  4  (the  affinity  ofbaiytcs)  multiplied 
by  ♦,  (the  quantity  assumed  in  this  example)  is  equal  lo  16; 
ami  2  (the  affinity  of  potash)  multiplied  by  8  (its  quantity)  is 
■Im  equal  to  ly.  In  this  case,  tlierefort-,  to  divide  equally  a 
portion  of  muriatic  acid  between  barytes  and  potash,  these 
bodies  should  be  employed  in  the  proportion  of  2  of  the  for- 
mer to  t  of  the  latter. 

TTie  influence  of  quaiUity  explains  also  the  difficulty  which 
is  observed  in  efTecting.  in  any  instance,  the  total  decomposi- 
tion of  a  compound  of  two  principles  by  means  of  a  third.  The 
immediate  effect  of  a  third  body  C,  when  added  to  a  compound 
A  B,  is  to  abstract  from  B  a  portion  of  the  substance  A  ; 
aod  consequently  a  portion  of  B  is  set  at  liberty,  the  attrac- 
tion of  which  for  A  is  opposed  to  that  of  the  uncombined 
part  of  C  The  farther  this  decomposition  is  carried,  the 
greater  will  be  tlie  proportion  of  B,  which  is  broii|;ht  into  an 
uaoumbined  state;  and  the  more  powerfully  will  it  oppose  any 
briber  tendency  of  C  to  detach  the  substance  A.  At  a  certain 
point,  the  affinities  of  B  and  C  for  A  will  be  exactly  balanced, 
and  the  decomposition  will  proceed  no  farther.  In  a  few 
CSfCs,  it  is  acknowledged  by  Berthollet,  a  third  body  separates 
the  whole  of  one  of  tiie  principles  of  a  compound  ;  but  this  he 
supposes  to  happen  in  consequence  of  the  ogency  of  other  ex- 
traneous Ibrces,  the  nature  of  which  remains  to  be  pointed  out. 

2dly.  Cohesion  is  a  force,  the  influence  of  which  over  the 
chemical  union  of  bodies,  has  already  been  explained  in  a  for- 
mer section ;  and  other  illustrations  of  its  interference  will  be 
given,  when  we  consider  the  subject  of  the  limitations  to  che- 
mical combination. 

3(ily.  IiiiolubUUy  it,  ainother  force,  which  essentially  modifies 
the  exertion  of  afllinity.     It  is  to  bo  considered,  indeed,  merely 
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as  the  resalt  ofooherion,  with  respect  to  the  liqaid  in  whick 
the  effect  takes  place. 

When  a  soluble  substance  and  an  insoluble  one  are  pre- 
lentedy  at  the  same  time,  to  a  third,  for  which  they  ha^« 
nearly  an  equal  affiuity,  the  soluble  body  is  brought  into  the 
q>here  of  action  with  great  advantages  over  its  antagonist.  It» 
cohesion  at  the  outset  is  but  little,  and  bv  solution  is  reduced 
almost  to  nothing;  while  that  of  the  insoluble  body  remains 
the  same.  The  whole  of  the  soluble  substance  also  exerts  its 
aflSnity  at  once ;  while  a  part  only  of  the  insoluble  one  can 
oppose  its  force.  Hence  the  soluble  substance  may  prevaii,^ 
and  may  attach  to  itself  the  greatest  proportion  of  the  third 
body,  even  though  it  has  a  weaker  affinity  than  the  insoluble 
one  to  the  subject  of  combination. 

Insolubility,  however,  under  certain  circumstances,  is  a 
force  which  turns  the  balance  in  favour  of  tlie  affinity  of  one 
body  when  opposed  to  the  affinity  of  another.  For  example, 
if  to  the  soluble  compound,  sulphate  of  soda,  we  add  barytes^ 
the  new  compound,  sulphate  of  barytes,  is  precipitated  the 
instant  it  is  formed :  and  being  removed  from  the  sphere  ef 
action,  the  soda  can  exert  no  effect  upon  it  by  its  greataK 
quantity  or  mass.  For  the  same  reason,  when  soda  is  added 
to  sulphate  of  barytes,  the  sulphate  is  protected  from  decom* 
position  both  by  its  insolubility  and  by  its  cohesion. 

These  &cts  sufficiendy  prove  that  the  order  of  precipitation^ 
which  was  formerly  assumed  as  the  basis  of  tables  of  electiwi 
affinity,  can  no  longer  be  considered  as  an  accurate  measove 
rfthat  force;  and  that  the  body,  which  is  precipitated,  maji; 
in  some  cases,  be  superior  in  affinity  to  the  one  which  has 
caused  {irecipitation.  In  these  cases^  a  trifling  superiority  u» 
affinity  may  be  more  than  counterbalanced  by  the  cohesive 
fiirce,  which  causes  insolubility. 

4thly.  Great  specific  gravity  is  a  force,  which  roust  comcar 
with  insolubility  or  cohesion  in  originally  impeding  combina- 
tion ;  and  when  chemical  union*  has  taken  place,  it  must  come 
in  aid  of  affinity,  by  removing  the  new  compound  from  the 
q»here  of  action.  It  is  scarcely  necessary  to  enlarge  on  tlm 
operation  of  a  force,  the  nature  of  which  must  be  so  obvion«.> 

Sitly*  EldsiicUy.  Cohesion,  it  has  already  been  staltsd, 
nay  provean  impediment  to^  combination ;  and* on  the  otlMV 
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^*  I  ydf  it  it  possible  that  the  particles  of  bodies  may  be  sepa^ 
ttd  10  widely,  as  to  be  removed  out  of  the  sphere  of  their 
■toal  attraction.     Such  appears  to  be  the  fact  with  regard 
Hsdass  of  bodies  calietl  airs  or  gases.     The  bases  of  scTeral 
rflkese  have  powerful  attractions  for  the  bxises  of  others,  and 
it  nrious  liquids,  and  yet  tliey  do  not  combine  on  simple 
riusture,  but  strong  mechanical  pressure  brings  tlieir  par- 
tides  sufficiently  near,  to  be  within  the  influence  of  their  mu- 
lid  tttraction,  and  combination  immediately  ensues. 

Again  if  two  bodies,  one  of  which  has  nn  elastic  and  the 
iAer  a  liquid  form,  be  presented  at  the  same  time  to  a  solid^ 
Irvhich  they  have  both  an  affinity,  tlie  solid  will  unite  with 
Ae  liquid  in  preference  to  the  gas.     Or  if  we  add  to  the  com* 
psHid  of  an  elastic  substance  with  an  inelastic  one,  a  third 
Uy  also  inelastic,  the  two  latter  combine  to  the  exclusion  of 
lk  dastic  body.     For  example,  if  to  the  compound  of  |x>ta8h 
■d  carbonic  acid  we  add  sulphuric  add,  the  latter  acid,  act- 
hg  both  by  its  affinity  and  its  quantity,  disengages  a  portion 
tfcarbonic  acid.     This,  by  its  elasticity,  is  removed  from  the 
ipkere  of  action,  and  presents  no  obstacle  to  the  farther  ope-^ 
MioDofthe  sulphuric  acid.     Hence  elastic  bodies  act  only 
hf their  affinity;  whereas  liquids  act  both  by. their  affinity 
Sid  quantity  conjoined.    And  though  the  affinity  of  the  li» 
quid,  abstractedly  considered,  may  be  inferior  to  die  affinity 
if  die  elastic  body,  yet,  united  with  quantity,  it  prevails.     In 
die  above  instances,  the  whole  of  the  elastic  acid  may  be  ex- 
pdkd  by  the  fixed  acid :  whereas,  as  it  has  already  been  ob- 
wed,  decomposition  is  incomplete,  if  the  substance  which  is 
liberated  remain  within  the  sphere  of  action. 

Cthly.  Efflorescence  is  a  circumstance  which  occasionally  in* 
laeaces  ttie  exertion  of  affinity ;  but  this  is  only  of  very  rare 
occurrence.  The  simplest  example  of  it  is  that  of  lime,  and 
■oriaic  of  soda.  When  a  paste  composed  of  Uiese  two  sub* 
teices  with  a  great  excess  of  lime,  is  exposed,  in  a  moist 
tfatc,  to  the  air,  the  lime,  acting  by  its  quantity,  disengEiges 
lods  from  the  common  salt,  which  appears  in  a  dry  form,  on 
tke  outer  surface  of  the  paste,  united  with  carbonic  acid  atsK 
ioibed  from  the  atmosphere.  In  this  case  the  soda,  which  ia 
•psrsfedj  being  removed  from  contiguity  with  the  interior. 
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part  of  the  mass,  presents  no  obstacle  to  the  farther  action  of 
the  lime,  and  the  decomposition  is  carried  farther  than  it 
would  have  been,  had  no  such  removal  happened. 

Vthly.  The  influence  of  temperature  over  chemical  affinitjr 
is  extremely  extensive  and  important;  but  at  present  a  veiy 
general  statement  only  of  its  eiFects  is  required.  In  some 
cases  an  increased  temperature  acts  in  promoting,  and  at 
others  in  impeding,  chemical  combination  :  and  it  materially 
affects  also  the  order  of  decompositions. 

An  increased  temperature  promotes  chemical  union  bj 
diminishing  or  overcoming  cohesion.  Thus  metals  unite  by 
fiision,  and  several  salts  are  more  soluble  in  hot  than  in  cold 
water.  Whenever  heat  is  an  obstacle  to  combination,  it  pro- 
duces its  effect  by  increasing  elasticity.  Hence  water  absorbs 
a  less  proportion  of  ammonia  at  a  high  than  at  a  low  tempe- 
rature. A  reduction  of  the  temperature  of  elastic  bodies,  by 
lessening  their  elasticity,  facilitates  their  union  with  other  sub- 
stances. In  certain  cases,  an  increased  temperature  has  tbe 
combined  effects  of  diminishing  cohesion  and  increasing  das- 
ticity.  When  sulphur  is  exposed  to  oxygen  gas,  no  corobi** 
nation  ensues,  until  the  sulphur  is  heated ;  and  though  tbe 
elasticity  of  the  'gas  is  thus  increased,  yet  the  diminution  of 
cohesion  of  the  solid  is  more  than  proportionate,  and  che* 
mical  union  ensues  between  the  two  bodies. 

8thly.  The  electrical  state  of  bodies  has  a  most  important 
influence  over  their  chemical  union.  This,  however,  is  a 
subject,  of  which  it  would  be  diflicult  to  offer  a  general  view» 
and  for  its  full  development  I  refer  to  a  subsequent  chapter 
on  Electro'ckemistry, 

9thly.  Mechanical  pressure  is  another  force,  which  has  con* 
aiderable  influence  over  chemical  afiinity.  With  respect  to 
solid  bodies,  its  agency  is  not  frequent ;  but  we  have  unequi- 
vocal examples  of  its  operation  in  cases,  where  detonation  is 
produced  by  concussion.  The  eflects  of  pressure  are  chiefly 
manifested,  in  producing  the  combination  of  aeriform  bodies 
either  with  solids,  with  liquids,  or  with  each  other ;  and  in 
preserving  combinations,  which  have  been  already  fbrmedt 
under  circumstances  tending  to  disunite  them.  Chalk,  for 
example,  is  a  compound  of  lime  and  carbonic  acid;    and 
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bodies,  by  the  tiinple  application  or  an  intense  beat, 
■exparable  from  each  other;  but  under  strong  pressure,  a 
kit  may  be  applied  sufficient  to  melt  the  chalk,  without  ex- 
pdEog  the  carbonic  acid.  It  is  this  principle  (of  the  in* 
Imce  of  pressure  in  opposing  chemical  decomposition)  that 
a  the  fimndation  of  Dr.  Hutton*s  ingenious  Theory  of  the 
Into. 

.Scch  are  the  most  important  circumstances,  that  modify 
Ike  exertion  of  chemical  affinity.  Of  their  influence,  sufficient 
■■trations  have  been  given  to  prove,  that  in  every  case  of 
conbination  and  decomposition,  we  are  not  to  consider  the 
face  of  affinity  abstractedly ;  but  are  to  take  into  account 
Aeagency  of  other  powers,  as  cohesion,  quantity,  insolubility, 
dttdcity,  efflorescence^  and  temperature.  By  the  action  of 
thoe  extraneous  powers,  Berthollct  has  endeavoured  to  ex- 
ikb  certain  facts  which  are  not  easily  understood  on  any 
dw  principle.  Of  these  the  most  important  are,  Istly,  the 
crtiblbhment  of  proportions  in  chemical  compounds;  and 
Uy,  the  modification  produced  in  the  affinities  of  bodies  by 
chemical  union. 

1.  Independently  of  these  extraneous  forces,  BerthoUet 
iB^ines  that  there  are  no  limits  to  combination,  or  that  two 
bodies,  which  are  now  susceptible  of  union  only  in  one  or  in 
kw  proportions,  might,  if  these  forces  were  annihilated,  be 
mited  in  every  proportion.  The  causes  which  he  has  as- 
agned,  as  chiefly  regulating  proportion,  are  cohesion  and 
elasticity.  To  take  one  of  the  simplest  cases,  the  proportion, 
in  which  a  salt  can  be  combined  willi  water,  depends  on  the 
bslance  between  the  chemical  affinity  of  the  bodies  for  each 
other,  and  the  cohesive  attraction  of  the  salt.  In  this  case, 
dien,  cohesion  is  the  limiting  power.  As  an  example  of  the 
iofloence  of  this  force  when  more  energetic  affinities  are  ex- 
erted, if  we  add  to  diluted  sulphuric  acid  a  solution  of  barytes, 
a  compound  is  formed,  consisting  of  sulphuric  acid  and  ba- 
lytes,  which,  in  consequence  of  its  great  insolubility  or  cohe- 
ibn,  is  instantly  removed  from  contact  with  the  redundant 
acid,  and  with  established  proportions. 

The  agency  of  elasticity  in  limiting  proportion,  may  be 
oemplified  by  the  combination  of  hydrogen  and  oxygen.    If 
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m  mixture  of  the  two  gases  be  inflamed,  the  new  compoendt 
water,  is  immediately  separated  from  what  is  superfloous  of 
both  ingredients,  by  its  superior  density.  In  other  instance^ 
the  bases  of  aeriform  substances  are  combined  in  variom 
proportions,  and  in  such  examples,  there  are  several  terms 
of  greatest  condensation,  as  in  the  case  of  oxygen  and  nitn^^en. 
2.  Another  important  part  of  the  theory  of  Berth^et  is^ 
ibat  the  affinities  of  a  compound  are  not  newly  acquired ;  but 
are  merely  the  modified  affinities  of  its  constituents,  the  actioa 
of  which,  in  their  separate  state,  was  counteracted  by  tbe 
prevalence  of  opposing  forces.  By  combination,  these  forces 
'are  so  far  overcome,  that  the  affinities  of  the  constituents  are 
enabled  to  exert  themselves. 

The  action  of  different  affinities  existing  in  one  compound^ 
Berthollet  terms  resulting  affinities^  while  the  individual  afiU 
nities  of  the  constituents  he  calls  elementary  affinities.  Thas 
nitric  acid  acts  on  potash  by  an  affinity,  which  results  from 
those  of  oxygen  and  azote  for  potash.  And  as  all  affinity  is 
mutual,  the  term  resulting  affinity  is  applied,  also,  to  that  fbroe^ 
with  which  a  simple  body  acts  on  a  compound :  to  the  affinity, 
for  example,  which  any  simple  body  may  exert  on  nitric  acid. 
A  simple  body,  indeed,  may  exert  towards  a  compound  bodi 
an  elementary  and  resulting  affinity.  If  the  elementary  aft* 
nity  prevails,  it  will  unite  only  with  one  of  the  principles  of 
the  compound,  as  when  a  simple  body,  by  its  affinity  for 
oxygen,  decomposes  nitric  acid,  and  liberates  its  nitrogen  ia 
«  separate  form.  If  the  resulting  affinity  be  predominant,  the 
simple  body  will  unite  with  the  whole  compound  without 
effecting  any  disunion  of  its  elements. 

From  these  views  it  may  be  inferred,  that  we  are  not,  in  any 
case,  to  deny  the  existence  of  an  affinity  between  two  bodies 
merely  because  they  do  not  combine  when  presented  to  each 
other ;  for  an  affinity  may  exist,  but  may  be  suppressed  by 
the  prevalence  of  opposing  forces.  According  to  the  doctrine 
of  Berthollet,  affinity  ^  a  force  exerted  by  every  body  towards 
every  other;  even  though  not  made  apparent  by  any  effect 
On  this  principle,  we  are  able  to  explain  certain  phenomenal 
'Which  are  wholly  unintelligible  on  any  other,  and  especially 
those  wbidi  have  been  referred  to  disposif^  affinky.     Tbt 


i-nsnicAt  ArFiKi-n-,  fcc.  es 

niL{^uret  of  polaiih,  for  exnniple,  ou  uxyf^en  gas, 
n  ucrilxxl  to  tlic  dispoiiing  eflinir^r  of  polaah  tor  vu|. 
This,  however,  is  ascribing  an  aflinity  tn  a  coni- 
li  before  ihat  compound  has  exibtencv,  It  in  much 
mlnbtt.',  that  besides  the  dimintslicd  coltesion  of  the 
■  die  affinity  of  potash  for  ox\-gen  hns  gome  share  in 
f  Ihe  combitialion.  On  lliis  principle  the  oniled 
ic  potash  and  sulphur  for  oxygen  (in  other  words 
e^HUici  of  tlie  sulphurct  of  polnsh)  are  the 
ittavBHordicmicnl  union.  This  explanation,  at  least) 
1  like  tlie  theory  of  di^osing  affinities,  involve  nti 
J- 

7  of  Bcrlhollet,  however,  which  promised,  on  its 
l<Tliieii(,  to  form  a  new  era  in  chemical  philosophy, 
itliofilspi-obtibility,  by  the  subseqcicnt  piogress  of 
fli'directly,  indeed,  at  variance  with  the  doctrine 
-  pfoportions,  which  every  dny  gathers  strength  by 
'nWiiin  of  new  and  wdl-cstablished  facts.  It  is  liablct 
tT,ioihefoilowiiig  objections. 

ltlw«  bem  shown  by   Professor  Pfaff,  of  Kiell,*  that, 

'*  cases,  where  two  acids  arc  brought  into  contact 

s  hiise,  the  ba=«  nnites  with  one  acid,  to  the  entire 

>  "f  the  other.      When,    for  example,    to  a  given 

;',  quanlities  of  sulphuric  and  tartaric  acids  are 

cr of  which  would  exactly  neutralize  the  lime,  thesul- 

il  unites  with  the  lime,  to  the  entire  exclusion  of  the 

1\ic  same  evidence  of  a  superior  affinity  of  the 

ricacid  over  that  of  the  oxalic  is  obtained,  by  placing 

I  contact  with    as  much  oxide  of  lead,  as  would 

bMUrmte  either  of  them.     Again,  comparing  the  action 

n  one  acid,  the  same  law  is  found  to  hold  good : 

«h  and  magnesia  are  mixed  with  just  as  much 


iquircd  to  r 
(Mb  seizes  the  whole  of  the 
h  the  magnebia.    Nor  can 
Imk  extraneous  forces, 
»,  to  regulate  chemic 
1^  stronger  afRnily 


either  of  them,  the 

o  part  of  it  nnites 

explained  by  any 

t  supposes,  in  all 

by  any  principle, 

chan  of  tartaric  or 
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oxalic  acid,  for  the  different  bases ;  and  of  potash,  than  of 
magnesia,  for  the  same  acid. 

2dly*  Some  of  the  cases,  before  quoted  from  BerthoUet,  to 
show  the  reciprocal  displacement  of  two  bodies  by  each  other 
from  a  third  (it  has  been  justly  observed),  are  examples,  not 
of  single  elective  affinity,  in  which  three  bodies  only  are  oon- 
oerned ;  but  of  complex  affinity,  in  which  the  attractions  of 
four  bodies  are  brought  into  action^  In  the  first  case,  for 
example,  there  is  reason  to  believe,  that  sulphuric  acid  is  dis- 
placed from  barytes,  not  by  pure  potash,  but  by  potash  which 
has  absorbed  carbonic  acid  from  the  atmosphere* 

Sdly.  In  other  cases,  the  consideration  of  the  affinities  of 
two  bodies  A  and  B,  for  a  third  C,  is  complicated  with  this 
circumstance,  that  the  neutral  compound  of  A  and  B  has  an 
affinity  for  a  farther  portion  of  one  of  its  ingredients.  If  then 
C  be  brought  into  contact  with  the  compound  A  B,  we  may 
have,  acting  at  the  same  moment,  the  affinity  of  C  for  A,  which 
partly  decomposes  the  compound  A  B ;  and  the  affinity  of  the 
undeconiposed  part  of  A  B,  for  that  portion  of  B  which  is  set 
at  liberty.  For  instance,  when  nitric  acid  acts  on  sulphate  of 
potash,  some  nitrate  of  potash  is  formed ;  and  the  sulphuric 
acid,  which  is  set  at  liberty,  uniting  with  the  undecomposed 
sulphate  of  potash,  composes  a  new  salt,  consisting  of  sulphate 
of  potash  with  an  excess  of  sulphuric  acid. 

4<thly.  It  is  a  strong  objection  to  the  theory  of  BertlioUet 
that,  in  some  cases,  decompositions  happen,  which,  according 
to  his  views,  ought  not  to  take  place ;  and  that  in  others,  de* 
compositions  do  not  ensue,  whicli  the  theory  would  have  led 
us  to  have  anticipated. 

5thly.  The  theory  is  objectionable,  inasmuch  as,  in  several 
instances,  properties  are  supposed  to  operate,  before  the  bodies 
exist,  to  which  those  properties  arc  attributed.  It  is  incon- 
ceivable, for  instance,  that  the  cohesion,  or  insolubility,  of 
sulphate  of  barytes,  can  have  any  share  in  producing  the  de- 
composition of  sulphate  of  potash  by  that  earth ;  for  the  inso* 
lubility  of  sulphate  of  barytes  can  have  no  agency,  till  that 
compound  is  formed ;  which  is  the  very  effect  to  be  explained. 

Notwithstanding  these  objections  to  the  theory  of  Bertbol- 
let,  when  carried  so  far  as  has  been  done  by  its  author,  in  the 
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aphoation  of  chemical  phenomena,  it  must  still  be  admitted 
in  the  extraneous  forces,  pointed  out  by  that  acate  philoso- 
pkr,  have  great  influence  in  modifying  the  effects  of  chemical 
ibitj.  Bat  these  forces  are  entitled  only  to  be  considered 
I aBCondary  causes ;  and  not  as  determining  combinations  or 
litions,  nor  as  regulating  the  proportions  in  which 
unite,  independently  of  the  superior  force  of  chemical 
rfbity. 


SECTION  VL 
Of  ilie  Eslimaiion  of  the  Forces  of  Affinity. 

The  a£Bnities  of  one  body  for  a  number  of  others  are  not 
diof  the  same  Degree  of  force.  This  is  all  that  the  present 
Me  of  our  knowledge  authorizes  us  to  affirm ;  for  we  are 
furant  how  much  the  affinity  of  one  body  for  another  is 
■peiior  to  that  of  a  tliird.'  The  determination  of  the  precise 
iMtes  of  affinity  would  be  an  important  step  in  chemical  phi- 
lonidiy :  for  its  phenomena  would  then  be  reduced  to  calcu- 
klion;  and  we  should  be  enabled  to  anticipate  the  results  of 
csqieriment.  That  the  force  of  chemical  affinity  must  be  pro- 
igioiuily  great,  is  evident  from  its  effect  in  preserving  the  com- 
bbation  of  water  with  some  bodies  (the  alkalies  for  instance) 
vlien  exposed  to  a  violent  heat  notwithstanding  its  great  ex- 
fmsivc  force,  and  though  water  is  not  essential  to  the  consti- 
lidon  of  those  bodies. 

The  observed  order  of  decomposition,  it  has  already  been 
Hated,  does  not  enable  us  to  assign  the  order  of  the  forces  of 
aCnity;  because,  in  all  decompositions,  other  forces  arc  con- 
csned.  We  are,  therefore,  obliged  to  seek  some  other  method 
of  determining  the  problem.  Of  these  several  have  been  pro- 
posed. 

When  the  surface  of  one  body  is  brought  into  contact  with 
■KHher  surface  of  the  same  kind,  as  when  the  smooth  surfaces 
of  a  divided  leaden  bullet  are  pressed  together,  they  adhere 
fcjrthe  force  of  cohesion,  their  particles  being  all  o(  the  same 
iauL  But  when  the  surfaces  of  different  bodies  are  thus 
bnmgfat  into  apparent  contact,  it  is  reasonable  to  suppose 

VOL.   I.  F 
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that  their  adhesion  arises  from  chemical  affinity,  because  their 
particles  are  of  different  kinds.  Guyton  proposed,  therefore^ 
the  comparative  force,  with  which  different  surfaces  adhere^ 
as  a  competent  measure  of  chemical  affinity.  His  experiments 
were  made  on  plates  of  different  metals,  of  precisely  the  same 
size  and  form,  suspended  by  their  centred  from  the  arm  of  a 
sensible  balance.  The  lower  surfaces  of  these  plates  were 
successively  brought  into  contact  with  mercury,  which  was 
changed  for  each  experiment,  and  the  weight  was  observed, 
which  it  was  necessary  to  add  to  the  opposite  scale,  in  order 
to  detach  the  several  metals.  Those  which  required  the  largest 
weight  were  inferred  to  have  the  greatest  affinity;  and  it  is 
remarkable,  that  the  order  of  affinities,  as  determined  in  this 
way,  correspond  with  the  affinities  as  ascertained  by  otiier 
methods.    The  following  were  the  results  : 

Gold  adhered  to  mercury  with  a  force  of . .  •  •  446  grains. 

Silver 4^9 

Tin 418 

Lead S97 

Bismuth  • .  •  • 372 

Zinc 204 

Copper 142 

Antimony 126 

I  ron 115 

Cobalt 8 

This  method,  it  must  be  obvious,  is  of  too  limited  applica- 
tion to  be  of  much  utility ;  for  few  bodies  have  the  mechanical 
conditions,  which  can  enable  us  to  subject  them  to  such  a  test. 
How,  for  example,  could  the  affinities  of  acids  for  alkalies  be 
examined  on  this  principle  ?  It  may  be  doubted,  also^  whe- 
ther in  the  cases  to  which  it  may  be  applied,  it  does  not  mea- 
sure the  facility  of  combination,  rather  than  the  actual  force  of 
affinity. 

To  determine  the  absolute  forces  of  affinity,  which  one  body 
exerts  towards  a  number  of  others,  Mr.  Kirwan  has  proposed 
the  quantity  of  each  which  is  required  to  produce  neutraliza- 
tion, in  other  words,  its  eqiiivalenL  This  he  has  ascertained 
by  experiment  in  a  great  variety  of  instances,  a  few  of  which 
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are  contained  in  the  following  tables;   the  numbers  being 
altered,  to  accommodate  them  to  recent  discoyeries. 

100  Riru  of 
SULPHURIC  ACID  100  Parts  of 

require  for  Neutralization  potash  require 

i ^ >  , ^ , 

194    parts  of  bary  tea.  115     of  nitric  acid. 

1 88  • .  •  •  of  strontites.  93     of  carbonic  acid. 

118  •  •  •  •  of  potash.  84.5  of  sulphuric. 

78.2  ....  of  soda.  58     of  muriatic* 

71  ....oflime. 

49.S  •  •  • .  of  magnesia. 

49  ....  of  ammonia. 

In  judging  of  the  affinities  of  the  same  acid  for  different 
bases,  Mr.  Kirwan  assumed  that  they  arc  represented  by  the 
numbers  indicating  the  quantities  of  each  base  required  for 
neutralization.  Thus,  because  100  parts  of  sulphuric  acid 
neutralize  194  of  barytes,  and  118  of  potash,  the  affinity  of 
the  former  is  superior  to  that  of  the  latter  in  the  proportion  of 
194  to  1 18.  So  far  the  inference  corresponds  with  the  order 
of  decomposition;  for  barytes  takes  sulphuric  acid  from 
potash.  But  if  we  examine  the  affinities  of  potash,  as  re- 
presented in  the  second  table,  we  shall  find  that,  on  this 
principle,  they  are  directly  contradictory  to  fact.  Thus  the 
affinity  of  sulphuric  acid  should  be  inferior  to  that  of  the  car- 
bonic; whereas  it  is  well  known  that  the  former  displaces  the 
latter  from  all  its  combinations.  Mr.  Kirwan  was,  therefore, 
driTen  to  the  necessity  of  establishing  a  precisely  opposite  rule 
in  determining  the  affinities  of  different  acids  for  the  same  base, 
and  of  assuming  that  they  are  inversely  proportionate  to  the 
affinity  of  the  saturating  acid.  Thus  the  affinity  of  carbonic 
acid  for  potash  would  be  represented  by  84f*5,  and  that  of  sul- 
phuric acid  by  93.  This,  however,  involves  a  contradiction ; 
since  it  is  implied  that  a  stronger  affinity,  in  one  instance,  re- 
quires a  greater  quantity  of  the  saturating  principle,  as  in  the 
relation  of  barytes  and  potash  to  sulphuric  acid ;  and  that,  in 
the  other,  it  requires  a  less  quantity,  as  in  the  instance  of  tlie 
sulphuric  and  carbonic  acids  with  respect  to  potash. 

Since  neutralization  is  an  effect  of  chemical  affinity,  which 
noit  in  all  cases  bear  a  proportion  to  its  cause,  it  has  been 
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assumed  by  Berthollet,  that  the  substance  which,  in  the 
smallest  quantity ^  neutralizes  another,  is  the  one  possessing 
the  strongest  affinity.  On  this  principle  the  affinities  of  sul- 
phuric acid  for  different  bases  will  be  exactly  the  reverse  of 
the  order  established  by  Mr.  Kirwan;  and  to  that  order, 
which  would  have  been  assigned  from  observed  decomposi- 
tions. Thus  ammonia  will  have  a  stronger  affinity  for  sul- 
phuric acid  than  any  of  the  substances  which  are  placed  above 
it  in  the  table ;  though  it  is  separated,  by  each  of  these,  from 
its  union  with  that  acid. 

It  is  in  the  extraneous  forces,  which  have  been  enumerated 
as  influencing  chemical  affinity,  that  we  are  to  seek,  according 
to  Berthollet,  for  the  explanation  of  this  apparent  anomaly, 
and  especially  in  the  forces  of  cohesion  and  elasticity.  The 
elasticity  of  ammonia,  for  example,  turns  the  balance  in  favour 
of  magnesia,  lime,  &c.  There  is  an  obvious  difficulty,  how- 
ever, in  the  application  of  the  theory.  For  as  the  elasticity 
of  ammonia  is  suppressed  by  its  combination  with  sulphuric 
acid,  what,  it  may  be  asked,  but  a  superior  affinity  for  sul- 
phuric acid,  existing  in  the  substances  which  stand  above  am- 
monia in  the  table,  can  occasion  the  first  commencement  of 
decomposition?  The  problem,  therefore,  of  determining  the 
absolute  forces  of  affinity  can  scarcely  be  admitted  to  be  solved. 
Even  if  it  were,  we  should  not  be  able  to  predict  the  order  of 
decomposition,  unless  the  modifying  forces  of  cohesion,  elas- 
ticity, &c.  could  be  at  the  same  time  subjected  to  precise  ad- 
measurement. Until  both  these  objects  are  accomplished,  the 
results  of  chemistry  can  in  no  case  be  obtained  by  calculation, 
but  the  science  must  remain  a  collection  of  general  principles, 
derived  from  experiment  and  induction. 


SECTION  VII. 


Of  Complex  Affinily* 


Under  the  more  general  name  of  complex  affinity ^  Berthol- 
let  includes  that  which  has  hitherto  been  considered  as  pro- 
duced by  the  action  of  four  affinities,  and  which  has  com- 


SECT.  Yir* 


CHSMICAL  AFFINITYy&C 


6d 


monly  been  denominated  double  elective  affinity .  It  frequently 
happens  that  the  compound  of  two  principles  cannot  be  de- 
stroyed either  by  a  third  or  a  fourth  separately  applied ;  but 
if  the  third  and  fourth  be  combined,  and  placed  in  contact 
with  the  former  compound,  a  decomposition,  or  a  change  of 
principles  will  ensue.  Thus  when  lime  water  is  added  to  a 
solution  of  the  sulphate  of  soda,  no  decomposition  happens, 
because  the  sulphuric  acid  attracts  soda  more  strongly  than  it 
attracts  lime.  If  the  muriatic  acid  be  applied  to  the  same 
compound,  still  its  principles  remain  undisturbed,  because  the 
8ulpharic«acid  attracts  soda  more  strongly  than  the  muriatic. 
But  if  the  lime  and  muriatic  acid,  previously  combined,  be 
mixed  with  the  sulphate  of  soda,  a  double  decomposition  is 
effected.  The  lime,  quitting  the  muriatic  acid,  unites  with 
the  sulphuric ;  and  the  sodn,  being  separated  from  the  sulr 
phuric  acid,  combines  with  the  muriatic.  These  decompo- 
sitions are  rendered  more  intelligible  by  the  following  diagram, 
contrived  by  Bergman. 

Muriate  of  Soda 


Soda 


ll:i 


Sulphate 
of       < 
Soda 


5 


Muriatic  acid 


78    y 


Sulph^"  acid  71 


-<    104 


> 


Lime 


Muriate 

of 
Lime 


) 


Sulphate  of  Lime 

On  the  outside  of  the  vertical  brackets  are  placed  the  ori- 
ginal compounds  ;  and  above  and  below  the  diagram,  the  new 
compounds.  The  upper  line,  being  straight,  indicates  that 
the  muriate  of  soda  remains  in  solution;  and  the* middle  of 
the  lower  line,  being  directed  downwards,  that  the  sulphate  of 
lime  is  precipitated. 

In  all  cases  similar  to  the  foregoing,  Mr.  Kirwan  conceives 
tiiat  we  may  trace  the  operation  of  two  distinct  series  of  affini- 
ties. The  dSSnities  tending  to  preserve  the  original  compounds 
(which  in  the  above  example  are  those  between  sulphuric  acid 
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and  sodfli  and  between  muriaticacid  and  lime)9  he  terms  the 
quiescent  affinities;  because  they  resist  any  change  of  composi- 
tion. On  the  other  iiand  the  affinities,  which  tend  to  disunite 
the  original  compounds  and  to  produce  new  ones  (such  as 
those  between  muriatic  acid  and  soda,  and  between  sulphuric 
acid  and  lime),  he  terms  diuellent  affinities.  In  order  that  an 
effect  may  be  produced,  the  divellent  affinities  must  necessarily 
be  superior  to  the  quiescent  Now,  assuming  the  numbers  in 
Mr.  Kirwan's  tables  to  express  accurately  the  forces  of  affini- 
ties, the  double  exchange  of  principles,  which  happens  in  the 
preceding  instance,  is  readily  explained.  Thus  the  quiescent 
affinities  are 

Those  of  lime  to  muriatic  acid  =104 
of  soda  to  sulphuric  acid  =    78 


182 

The  divellent  affinities,  opposed  to  these,  consist  of 

The  affinity  of  soda  to  muriaticacid  =115 

lime  to  sulphuric  acid  =    71 

186 

The  original  compound,  therefore,  is  preserved  by  a  force 
equivalent  to  182,  and  the  tendencies  to  produce  new  com- 
pounds are  represented  by  the  number  186.  Tlie  divellent 
affinities  are,  therefore,  predominant. 

The  theory  of  quiescent  and  divellent  affinities,  however, 
though  highly  attractive  from  its  simplicity,  and  from  the 
facility  with  which  it  solves  certain  phenomena,  is  completely 
defective  in  the  explanation  of  others.  For  example^  sulphate 
of  potash  is  decomposed  by  muriate  of  barytes.  Yet,  esti- 
mating in  the  above  manner  the  quiescent  and  divellent  affi- 
nities, an  exchange  of  principles  ought  not  to  ensue.  The 
affinities  tending  to  preserve  the  original  compound,  are  those 
of  sulphuric  acid  for  potash  =  118,  and  of  muriatic  acid  for 
barytes  =  285.  The  divellent  affinities  are  that  of  muriatic 
acid  for  potash  =  174  +  that  of  sulphuric  acid  for  barytes 
=  194.     The  quiescent  affinities  then  are  116  +  2h&  =  403^ 
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■dtkedifdlentl74  +  194  s  368.  This  leaves  a  balance  of 
ISk  Ctroor  of  the  quictoent  affinities;  and  yet  deconpositioQ 
mmn,  whea  the  two  compounds  are  brought  into  contact. 

Ii  nnst  be  acknowledged  that  the  numbers,  assumed  by  Mr. 
Enran  do  not  correspond  with  the  actual  forces  of  affinity. 
BM  cfta  if  they  are  taken  according  to  the  principle  assumed 
If  Bertfaollety  they  will  not  be  found  universally  applicable. 
Ike  reaaoo  of  this  is,  that  the  phenomena  produced  by  com* 
fin  affinity*  like  those  occasioned  by  simple  affinity,  are  ma* 
krisDy  inflaenced  by  the  extraneous  forces  of  cohesion,  quan- 
litf^  elasticity,  temperature,  &c.  The  effect  of  quantity  ia 
ihovn  by  the  bet,  that  if  two  salts  be  mixed  together  in  cer- 
lUB  proportions,  decomposition  will  ensue,  but  not  if  mixed 
k  other  proportions*  Thus  from  the  mingled  solutions  of 
tvo  parts  of  muriate  of  lime  and  one  of  nitrate  of  potash,  we 
tbtsin  muriate  of  potash ;  but  not  from  equal  weights  of  the 
tso  salts.  Insolubility,  or  precipitation,  has  also  a  consider- 
able influence  on  the  rcsulL  When  this  occurs,  the  influence 
of  quantity  is  destroyed,  as  in  the  case  of  sulphate  of  potash 
and  muriate  of  barytes.  Elasticity,  and  an  increased  terope- 
atiire  (which  operates  by  increasing  elasticity),  and  the  re* 
lene  of  this,  or  a  greatly  diminished  temperature,  have  also  a 
powerful  influence  in  promoting  the  action  of  complex  affi* 
oilies.  Thus  of  four  principles,  two  of  which  are  volatile 
Sid  two  fixed,  the  two  which  are  volatile  will  be  most  dis- 
posed to  unite  together  at  a  high  temperature.  The  nature  of 
the  fluid,  in  which  salts  are  dissolved,  has  also  an  important 
iafliieDce  on  their  tendency  to  mutual  decomposition.*  Thus 
changes  take  place  in  the  midst  of  an  alcoholic  medium, 
vkidi  do  not  happen  to  the  same  bodies  dissolved  in  water.f 
We  have  even  instances,  in  which  though  n  compound  A  B 
deoonposes  another  compound  C  D,  A  uniting  with  C,  and 
B  with  D,  yet  (which  could  not  have  been  expected  d,  priori) 
the  compound  A  C  is  reciprocally  decomposed  by  D  B,  and 
the  original  compounds  A  B  and  C  D  arc  regenerated.;]: 
Hence  the  phenomena  of  complex  decomposition  concur  with 


•  Ann.  de  Chim.  et  Phys.  ir.  306.         f  l>r«  Murray  on  Sea  Water, 
t  See  the  sect,  on  Sulphate  of  Bsrytes. 
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those  of  a  more  simple  kind,  in  proTing  that  affinity  is  not  an 
uniform  force,  but  is  materially  influenced  by  various  modi* 
lying  circumstances;  and  that  we  cannot  confidently  anti- 
cipate results,  from  comparing  the  numerical  expressions  of 
quiescent  and  divellent  affinities. 

One  great  obstacle  to  the  construction  of  tables,  capable  of 
representing  the  forces  of  affinity,  is  the  difficulty  of  ascer- 
taining, with  precision,  the  quantities  of  bodies  required  for 
neutralization.  Notwithstanding  all  the  care  employed  by  Mr. 
Kirwan,  considerable  errors  appear  to  have  crept  into  the 
results  of  his  experiments.  This  will  sufficiently  appear,  when 
they  are  examined  by  a  test,  originally  proposed  by  GuyCon.  - 
It  must  be  obvious  that  if  between  two  salts,  which  are  mixed 
together  in  solution,  decomposition  should  ensue,  and  the 
mixture  should  afterwards  be  found  neutral,  the  quantity  of 
acid,  which  has  quitted  one  of  the  bases,  must  have  been 
exactly  equivalent  to  the  saturation  of  the  other  base^  also 
deserted  by  its  acid.  If,  for  example,  we  mingle  the  muriate 
of  magnesia  and  sulphate  of  soda,  the  mixture  continues  neu- 
tral ;  and  hence  it  follows  that  the  muriatic  acid,  which  has 
quitted  the  magnesia,  must  have  been  exactly  equal  to  the 
neutralization  of  the  soda,  deserted  by  the  sulphuric  acid. 
But  from  a  calculation,  founded  on  the  proportion  of  the  in- 
gredients of  these  salts,  as  established  by  Mr.  Kirwan,  it  ap- 
pears that  the  soda,  detached  from  the  sulphuric  acid,  is  not 
adequate  to  the  saturation  of  the  muriatic  acid.  The  mix- 
ture, therefore,  ought  to  be  acid;  and  since  this  is  contrary 
to  fact,  we  may  safely  infer  that  there  is  an  error  in  his  esti- 
mation of  the  ingredients  composing  these  salts.  No  tables, 
indeed,  can  be  correct,  unless  they  stand  the  test  of  this  mode 
of  verification.  Such  a  table  has  been  calculated  by  Fischer 
from  the  experiments  of  Richter ;  but  even  this  table  seems 
in  several  respects  to  be  of  questionable  accuracy.  I  liave 
thought  it,  however,  entitled  to  a  place  among  the  tables  in 
the  Appendix;  and  I  shall  annex,  also,  a  more  correct  one^ 
the  data  of  which  arc  chiefly  supplied  by  Dr.  Wollaston's 
paper  on  Chemical  Equivalents.* 


•  PhiL  Trans.  1814. 
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SECTION  viir. 

hperimenial  Illustralions  of  Chemical  jiffinity^  Solution^  Cic» 

Fob  these  experiments,  a  few  wine  glasses,  or,  in  preference^ 
Jeep  ale  glasses,  ivill  be  required;  and  a  Florence  flask  for 
pfonning  the  solutions. 

I.  Some  bodies  have  no  affinity  for  each  other. — Oil  and 
Wer,  mercury  and  water,  or  powdered  chalk  and  water,  when 
Usen  together  in  a  vial,  do  not  combine,  the  oil  or  water 
Anjs  rising  to  the  surGice,  and  the  mercury  or  chalk  sinking 
totift  bottom. 

II.  Examples  o/"  chemical  affinity^  and  its  most  simple  effect, 
VB.  nlulion. — Sugar  or  common  salt  disappears  or  dissolves 
■  wster;  chalk  in  dilute  muriatic  acid.*  Sugar  and  salt  are, 
invfere,  said  to  be  soluble  in  water,  and  chalk  in  muriatic 
lad.  The  liquid,  in  which  the  solid  disappears,  is  termed  a 
flboi/  or  mensiruvm.  Chalk  or  sand,  on  the  contrary,  when 
■iied  with  water  by  agitation,  always  subsides  again.  Hence 
Ac?  are  said  to  be  insoluble. 

III.  Influence  of  mechanical  division  in  promoting  the  action 

^chemical  (iffinity^  or  in  favouring  solution. — Lumps  of  chalk 

ormorble  dissolve  much  more  slowly  in  dilute  muriatic  acid, 

Aan  equal  weights  of  the  same  bodies  in  powder.     Muriate 

of  lime,  or  nitrate  of  ammonia,  cast,  afler  liquefaction  by  heat, 

into  the  shape  of  a  solid  sphere,  is  very  slowly  dissolved ;  but 

vith  great  rapidity  when  in  the  state  of  a  powder  or  of  crystals. 

When  a  lamp  of  the  Derbyshire  fluate  of  lime  is  immersed  in 

concentrated  sulphuric  acid,  scarcely  any  action  of  the  two 

substances  on  each  other  takes  place;  but  if  the  stone  be 

finely  palverizeil,  and  then  mingled  with  the  acid,  a  violent 

action  is  manifested,  by  the  copious  escape  of  vapours  of  fluoric 

acid.    In  the  common  arts  of  lite,  the  rasping  and  grinding 

of  wood  and  other  substances  are  familiar  examples. 

IV.  Hot  liquids^  generally  speakings  are  more  powerful  soU 
twi/s  than  cold  ones. — To  four  ounce-measures  of  water,  at  the 
temperature  of  the  atmosphere,  add  three  ounces  of  sulphate 

*  1  omit,  purposely,  the  distinction  between  the  solution  and  dissolution* 
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of  soda  in  powder.  Only  part  of  the  salt  will  be  dissolved, 
even  after  bein^  agitated  tome  time.  Apply  heat,  and  the 
whole  of  the  salt  will  disappear.  When,  the  liquor  cools,  a 
portion  of  salt  will  separate  again  in  a  regular  form  or  in 
crystals.  This  last  appearance  affords  an  instance  of  crys^ 
ialiization* 

To  this  law,  however,  there  are  several  exceptions;  for 
many  salts,  among  which  is  muriate  of  soda,  or  common  salt, 
are  equally,  or  nearly  equally,  soluble  in  cold  as  in  hot  water. 
(See  die  table  of  solubility  of  salts  in  water,  in  the  Appendix.) 
Hence,  a  hot,  and  saturated  solution  of  muriate  of  soda  does 
not,  like  the  sulphate,  deposit  crystals  on  cooling.  To  obtain 
crystals  of  the  muriate,  and  of  other  salts  which  observe  a  si^ 
milar  law  as  to  solubility,  it  is  necessary  to  evaporate  a  por- 
tion of  the  water;  and  the  salt  will  then  be  deposited,  even 
while  the  liquor  remains  hot.  In  general,  the  more  slow  the 
cooling,  or  evaporation,  of  saline  solutions^  the  larger  and 
more  regular  are  the  crystals. 

v.  A  very  minute  division  of  bodies  is  effected  by  solution.''^ 
Dissolve  two  grains  of  sulphate  of  iron  in  a  quart  of  water, 
and  add  a  few  drops  of  this  solution  to  a  wine-glassful  of  water, 
into  which  a  few  drops  of  tincture  of  galls  have  been  stirred. 
The  dilute  infusion  of  galls  will  speedily  assume  a  purplish 
hue.  This  shows  that  every  drop  of  the  quart  of  water,  in 
which  the  sulphate  of  iron  was  dissolved,  contains  a  notable 
portion  of  the  salt. 

VI.  Some  bodies  dissolve  much  more  readily  and  copiously  than 
others* — Thus,  an  ounce  measure  of  distilled  water  will  dissolve 
half  its  weight  of  sulphate  of  ammonia,  one  third  its  weight  of 
sulphate  of  soda,  one  sixteenth  of  sulphate  of  potash,  and  only 
one  five-hundredth  its  weight  of  sulphate  of  lime. 

VII.  Mechanical  agitation  facilitates  solution. — Into  a  wine- 
glassful  of  water,  tinged  blue  with  the  infusion  of  litmus,  let 
fall  a  small  lump  of  solid  tartaric  acid.  The  acid,  if  left  at 
rest,  even  during  some  hours,  will  only  change  to  red  that 
portion  of  the  infusion  which  is  in  immediate  contact  with  it. 
Stir  the  liquor,  and  the  whole  will  immediately  become  red. 

VIII.  Bodies  do  not  act  on  each  other^  unless  either  one  or  both 
Imma  skUe  ^  totuOon^  or  at  least  cofUain  water,— i .  Mix  toma 
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Ay  tartaric  acid  with  dry  bi-carbonate  of  sodsf  and  grind 
Asa  togedier  in  a  mortar.  No  combination  will  ensue  till 
mtat  n  added,  which,  acting  the  part  of  a  solvent,  promotes 
At  mioo  of  the  acid  and  alkali,  as  appears  from  a  violent 
cfaveseeoce.  It  has  been  shown  by  Link,*  that  the  water  of 
ojHalliaBation,  existing  in  certain  salts,  acts  as  free  water  in 
fiwwiffning  chemical  action*  For  example^  acetate  of  lead 
aid  salphate  of  copper,  both  in  crystals,  become  green  when 
trilirsted  together,  a  proof  of  the  mutual  decomposition  of 
tkssa  two  aalta. 

8.  Spread  thinly,  on  a  piece  of  tinfoil,  three  or  four  inches 
ifw^  aome  dry  nitrate  of  copper,f  and  wrap  it  up.  No  ef- 
kt  will  fbliow.  Unibld  the  tinfoil,  and  having  sprinkled  the 
Htrate  of  copper  with  the  smallest  possible  quantity  of  water, 
mp  the  tinfoil  up  again  as  quickly  as  possible,  pressing  down 
tk  edges  dosdy.  Considerable  heat,  attended  with  fumes, 
lill  now  be  excited ;  and,  if  the  experiment  has  been  dex« 
mosly  managed,  even  light  will  be  evolved.  Thia  shows 
that  nitrate  of  copper  has  no  action  on  tin,  unless  in  a  state 


IX.  BodieSf  even  when  in  a  stale  <^  solution^  do  not  act  en  each 

9iker  at  perceptible  distances  ;  in  other  words,  contiguity  is  es- 

mtial  to  the  action  of  chemical  affinity.— Thus,  when  two 

fcuda  of  different  specific  gravities,  and  which  have  a  strong 

sBaity  for  each  other,  are  separated  by  a  thin  stratum  of  a 

third,  which  exerts  no  remarkable  action  on  either,  no  combi- 

nation  ensues  between  the  uppermost   and    lowest  stratum. 

Into  a  glass  jar,  or  deep  ale  glass,  pour  two  ounce-measures 

of  a  solution  of  subcarbonate  of  potash,  containing,  in  that 

qaantity,  two  drachms  of  common  salt  of  tartar.     Under  this 

introduce,  very  carefully,  half  an  ounce-measure  of  water, 

hoUing  in  solution  a  drachm  of  common  salt ;  and  again, 

voder  both  these,  two  ounce-measures  of  sulphuric  acid,  which 

has  been  diluted  with  an  equal  weight  of  water,  and  allowed 

*  Tbomson's  Annals,  vii.  426. 

t  To  prepare  nitrate  of  copper,  dissolve  the  filings  or  turnings  of  that 
Beta!  in  a  mixture  of  one  part  nitrous  acid  and  three  parts  water ;  decant 
tbe  liquor  when  it  hai  ceased  to  emit  fumes ;  and  evaporate  it  to  dryness, 
is  a  copper  or  earthen  dish.    The  dry  mass  must  b«  kept  in  a  bottle. 
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to  become  cool.  The  introduction  of  a  second  and  third  li- 
quid beneath  the  firsts  is  best  effected,  by  filling,  with  the 
liquid  to  be  introduced,  the  dropping  tube,  fig.  15.  pi.  i. 
which  may  be  done  by  the  action  of  the  mouth.  The  finger 
18  then  pressed  on  the  upper  orifice  of  the  tube ;  and  the  lower 
orifice,  being  brought  to  the  bottom  of  the  vessel  containing 
the  liquid,  the  finger  is  withdrawn,  and  the  liquid  descends 
from  the  tube,  without  mingling  with  the  upper  stratum. 
When  a  solution  of  carbonate  of  potash  is  thus  separated  from 
diluted  sulphuric  acid,  for  which  it  has  a  powerful  affinity,  by 
the  intervention  of  a  thin  stratum  of  brine,  the  two  fluids  will 
remain  distinct  and  inefficient  on  each  other;  but,  on  stirring 
the  mixture,  a  violent  eifervescence  ensues,  in  consequence  of 
the  action  of  the  sulphuric  acid  on  the  potash. 

X.  Tuv  bodies,  having  no  affinity  for  each  other,  unite  by  the 
intervention  of  a  third. — Thus,  the  oil  and  water  which,  in  Ex- 
periment I.,  could  not,  by  agitation,  be  brought  into  union, 
unite  immediately  on  adding  a  solution  of  caustic  potash.  The 
alkali,  in  this  case,  acts  as  an  intermedium.  The  fact,  indeed, 
admits  of  being  explained  by  the  supposition,  that  the  oil  and 
alkali  form,  in  the  first  instance,  a  compound  which  is  soluble 
in  water. 

XI.  Saturation  and  neutralization  illustrated. — Water,  after 
having  taken  up  as  much  common  salt  as  it  can  dissolve,  is 
said  to  be  saturated  with  salt.  Muriatic  acid,  when  it  has 
ceased  to  act  any  longer  on  lime,  is  said  to  be  neutralized,  as 
is  also  the  lime. 

XII.  The  properties  characterizing  bodies^  when  separate,  are 
destroyed  by  chemical  combination,  and  new  properties  appear  in 
the  compound. — ^Thus,  muriatic  acid  and  lime,  which,  in  a  se- 
parate state,  have  each  a  most  corrosive  taste,  lose  this  entirely 
when  mutually  saturated ;  the  compound  is  extremely  soluble, 
though  lime  itself  is  very  difficult  of  solution ;  the  acid  no  lon- 
ger reddens  syrup  of  violets ;  nor  does  the  lime  change  it,  as 
before,  to  green.  The  resulting  compound,  also,  muriate  of 
lime,  exhibits  new  properties.  It  has  an  intensely  bitter 
taste ;  is  susceptible  of  a  crystallized  form ;  and  the  crystals, 
when  mixed  with  snow  or  icci  generate  a  degree  of  cold  suf- 
ficient to  fireesse  quicksilver. 
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niL  Sagle  elective  affinity  illmtrateJLr^l.  Add  to  the 
wbinarinin  of  oil  with  alkali,  formed  in  Experiment  X.,  a 
bde  £faited  sulphuric  acid.  The  acid  will  seize  the  alkali, 
adtet  the  oil  at  liberty,  which  will  rise  to  the  top.  In  this 
■imrr,  the  aflKnity  df  alkali  for  acid  is  greater  than  that  of 
dbE  fi>r  oil.  2.  To  a  dilate  solution  of  muriate  of  lime 
^Rpared  in  Experiment  II.),  add  a  little  of  the  solution  of 
fve  potash.  The  potash  will  seize  the  muriatic  acid,  and  the 
iBewiQ  fidl  down^  or  be  precipitated. 

XIV.  In  every  instance^  in  comparing  the  affinities  of  two 
yksfor  a  thirdy  a  weaker  affinity ^  in  one  of  the  two  compared^ 
till  be  found  to  be  compensated  by  increasing  its  quantity, '^li  is 
■tetqr  to  offer  clear  and  unequivocal  examples  of  this  law, 
■d  such  as  the  student  may  submit  to  the  test  of  experiment. 
The  following,  however,  may  illustrate  the  proposition  suffi- 
oeody :  Mingle  together,  in  a  mortar,  one  part  of  muriate  of 
nda  (common  salt)  with  half  a  part  of  red  oxide  of  lead 
(iidttrge,  or  red  lead),  and  add  sufficient  water  to  form  a  thin 
pKte.  The  oxide  of  lead,  on  examining  the  mixture  after 
tventy-four  hours,  will  be  found  not  to  have  detached  the  mu« 
liitic  acid  from  the  soda ;  for  the  strong  taste  of  that  alkali 
vill  not  be  apparent.  Increase  the  weight  of  the  oxide  of 
lead  to  three  or  four  times  that  of  the  salt ;  and,  after  the 
anne  interval,  the  mixture  will  exhibit,  by  its  taste,  marks  of 
ODcombined  soda.  This  proves,  that  the  larger  quantity  of 
the  oxide  must  have  detached  a  considerable  portion  of  muri- 
atic acid  from  the  soda,  though  the  oxide  has  a  weaker  affinity 
for  that  acid  than  the  soda  possesses. 

Another  illustration  of  the  same  general  principle  has  been 
soggcsted  by  Berzelius.    It  is  necessary  to  premise,  that  the 
coloar  of  the  compound  of  sulphuric  acid  with  oxide  of  cop- 
per is  blue,  and  that  of  muriatic  acid  with  the  same  oxide, 
green.     To   a  saturated  solution  of  sulphate  of  copper  in 
water,  add  by   degrees  concentrated  muriatic  acid.     Every 
addition  will  render  the  colour  of  the  liquid  more  distinctly 
green,  showing  an  increased  production  of  muriate  of  copper; 
the  oxide  of  copper  being  divided  between  the  sulphuric  and 
muriatic  acids,  in  proportion  to  the  quantity  of  each  acid  that 
is  present. 
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XV.  Double  elective  affinity  exemplified. — In  a  watery  solu- 
tion of  sulphate  of  zinc,  immerse  a  thin  sheet  of  lead :  the  lead 
will  remain  unaltered,  as  also  will  the  sulphate  of  zinc,  be- 
cause zinc  attracts  sulphuric  acid  more  strongly  than  lead. 
But  let  a  solution  of  acetate  of  lead  be  mixed  with  one  of 
sulphate  of  zinc;  the  lead  will  then  go  over  to  the  sulphuric 
apid,  while  the  zinc  passes  to  the  acetic.  The  sulphate  of  lead 
being  insoluble,  will  fall  down  in  the  state  of  a  white  powdery 
but  the  acetate  of  ziuc  will  remain  in  solution.  The  changes 
that  occur  in  this  experiment  will  be  better  understood  from 
the  following  scheme : 

Acetate  of  Zinc 


Sulphate 

of 

Zinc 


Zinc 


Acetic  Acid 


Water 
at  60^ 


Sulph*^  Acid 


I^ad 


Acetate 

of 
LfCa 


V 

Sulphate  of  Lead 

The  vertical  brackets  include  the  original  compounds,  m, 
sulphate  of  zinc,  and  acetate  of  lead ;  and  the  horizontal  line 
and  bracket  point  out  the  new  ones,  viz.  acetate  of  zinc  and 
sulphate  of  lead.  By  the  upper  horizontal  line,  it  is  denoted^ 
that  the  acetate  of  zinc  remains  in  solution ;  and,  by  the  point 
of  the  lower  bracket  being  directed  downwards,  it  is  meant 
to  express,  that  the  sulphate  of  lead  falls  down,  or  is  preci- 
pitated. 
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CHAPTER  III. 

OF    HEAT   OR   CALORIC, 


SECT.  L 

General  Observations  on  Heat. 

Whsn  we  apply  the  hand  to  a  body  which  is  hotter  than 
itel(  we  are  sensible  of  a  peculiar  feeling,  which  we  agree  to 
dl  Ike  sensation  of  heai*  At  the  same  time  we  observe,  in  al- 
ant  all  bodies  that  are  placed  in  the  same  situation  with  the 
kad,  certain  effects,  the  most  remarkable  of  which  is  an  en* 
kgement  of  their  dimensions.  These  circumstances,  with  very 
fcv  eiceptions,  so  constantly  accompany  each  other,  that  we 
oa  liave  little  or  no  hesitation  in  referring  them  to  one  and 
die  suae  cause.  Of  the  nature  of  this  cause  we  have  no  sa« 
fiAftnTy  evidence ;  imd  we  are  unable  to  demonstrate  either 
&at  it  consists  in  any  general  quality  of  bodies,  or  that  it  re- 
ades  in  a  distinct  and  peculiar  kind  of  matter.  The  opinion, 
kowever,  which  best  explains  ihe  phenomena,  is  that  which 
SKribes  them  to  an  extremely  subtile  fluid,  of  so  refined  a  na- 
tore,  as  to  be  capable  of  insinuating  itself  between  the  parti- 
des  of  the  most  dense  and  solid  bodies.  To  this  fluid,  as  well 
II  to  the  sensation  which  it  excites,  the  term  heat  was  formerly 
i|i|riied.  But  there  was  an  obvious  impropriety  in  confound- 
isg,  under  one  appellation,  two  things  so  distinct  as  a  sensa- 
doQ  and  its  cause;  and  the  term  caloric,  first  proposed  by 
Lavoisier,  is  now,  therefore,  generally  adopted  to  denote  the 
cme  of  heat.  Occasionally,  however,  in  order  to  avoid  too 
frequent  a  repetition  of  the  same  word,  the  term  heat  is  still 
employed  in  a  more  extensive  sense,  to  express  not  only  the 
msation  which  it  usually  denotes,  but  also  some  of  the  modi- 
ficauons  of  caloric. 

Caloric,  so  far  as  its  chemical  agencies  are  concerned,  may 
be  chiefly  considered  under  two  views — as  an  antagonist  to 
the  cohesive  attraction  of  bodies — and  as  concurring  with,  and 
iBcreasbg  elasticity.    By  removing  the  particles  of  any  solid 
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to  a  greater  distance  from  each  other,  their  cohesive  attraction 
is  diminished ;  and  one  of  the  principal  impediments  to  their 
union  with  other  bodies  is  overcome.  On  the  other  hand, 
caloric  may  be  infused  into  bodies  in  such  quantity,  as  not 
only  to  overcome  cohesion,  but  to  place  their  particles  beyond 
the  sphere  of  chemical  affinity.  Thus,  in  the  class  of  sub- 
stances called  gases,  the  base  or  ponderable  ingredient,  whe- 
ther solid  or  liquid,  is  dissolved  in  so  much  caloric,  that,  with 
few  exceptions,  the  bases  of  different  gaseous  bodies  do  not 
unite  by  simple  mixture  of  the  gases  themselves.  But  if,  of 
two  gases,  we  employ  either  one  or  both  in  a  state  of  great 
condensation,  or  compress  their  particles  near  enough  to 
each  other  by  any  means,  tlic  gravitating  matter  of  both  unites, 
and  forms  a  new  compound.  Thus  hydrogen  and  oxygen 
gases  remain  together  in  a  state  of  mixture,  for  any  length  of 
time,  without  combining ;  but  if  we  force  their  particles  into 
a  state  of  contiguity,  by  sudden  and  violent  mechanical  pres- 
sure, their  bases  unite  and  compose  water.  In  many  cases, 
also,  when  two  bodies  are  combined  together,  one  of  which  is 
fixed,  and  tlie  other  becomes  elastic  by  union  with  caloric^ 
we  are  able,  by  its  interposition  alone,  to  effect  their  disunion. 
Thus  carbonate  of  lime  gives  up  its  carbonic  acid  by  the  mere 
application  of  heat. 

We  may  consider,  then,  all  bodies  in  nature  as  subject  to 
the  action  of  two  opposite  forces,  the  mutual  attraction  of  their 
particles  on  the  one  hand,  and  the  repulsive  power  of  caloric 
on  the  other;  and  bodies  exist  in  the  solid,  liquid,  or  elastic 
state,  as  one  or  the  other  of  these  forces  prevails.  Water,  by 
losing  caloric,  has  its  cohesion  so  much  increased,  that  it  as- 
sumes the  solid  form  of  ice ;  adding  caloric,  we  diminish  again 
its  cohesion,  and  render  it  fluid ;  and,  finally,  by  a  still  farther 
addition  of  caloric,  we  change  it  into  vapour,  and  give  it  so 
much  elasticity,  that  it  maybe  rendered  capable  of  bursting 
the  strongest  vessels.  In  many  liquids,  the  tendency  to  elas- 
ticity is  even  so  great,  that  they  pass  at  common  temperatures, 
to  the  gaseous  form,  by  the  mere  removal  of  the  weight  of  the 
atmosphere. 

Caloric,  like  all  other  bodies,  may  exist  in  two  different 
states,  in  a  state  of  freedom,  and  in  a  state,  either  of  combi- 
nation or  of  something  nearly  resembling  it.    In  the  former 
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adnB 

3  tlKfB^^  {,  capable  of  exciting  tlie  scnsntion  of  heat,  ami  of 

^M I pfadoff  expansion  in  other  bodies.     To  this  modificAtion 

^  ^  I  At  terms /ire  or  ttncombined  caloric,  or  caloric  of  tempcratiirej 

"'?^lkitbeaiipplicd.     By  the  term  tempemture  we  are  to  un« 

^^  **l  Anind  the  state  of  a  body  relatively  to  its  power  of  exciting 

I      I  ^  *>>s^<>n  of  heat,   and   occasioning  expansion ;    effects 

V     ■  ^^  ^  ^'  probability,  bear  a  proportion  to  the  quantity  of 

^4ittaIoric  in  a  given  space,  or  in  a  given  quantity  of  matter. 

.  ^V  Bvwliat  we  call  a  high  temperature  may  be  ascribed  to  the 

'hm  f""^  ^  ^  large  quantity  of  free  caloric  ;  and  a  low  tem- 

.  m  /mare  to  that  of  a  small  quantity.     We  are  unacquainted, 

m  Iwwer,  with  the  extremes  of  temperature ;  and  may  compare 

S  f  Id  a  chain,  of  which  a  few  of  the  middle  links  only  are  ex- 

■  fimi  to  our  observation,  while  its  extremities  are  far  removed 

■  fan  oor  view. 

■  Hie  degree  of  expansion  produced  by  caloric,  it  will  afler- 

■  viids  appear,  bears  a  sufficient  proportion  to  its  quantity,  to 
I  dhrd  us  a  means  of  ascertaining  the  latter  with  tolerable  ac* 
I  cmcy.  In  estimating  temperature,  indeed,  our  senses  are 
I  citremely  imperfect;  for  we  compare  our  sensations  of  heat, 
I  M  with  any  fixed  or  uniform  standard,  but  with  those  scn- 
I  aitioDs,  of  which  we  have  had  immediately  previous  cxpc* 

rieooe.  The  same  portion  of  water  will  feci  warm  to  a  hand 
tonoved  from  contact  with  snow,  and  cold  to  another  hand 
vbicfa  has  been  heated  before  the  fire.  To  convey,  therefore, 
ay  precise  notion  of  temperature,  we  arc  obliged  to  describe 
the  degree  of  expansion  produced  in  some  one  body,  which 
baibeen  previously  agreed  upon  as  a  standard  of  comparison. 
The  standard  most  commonly  employed  is  a  quantity  of  quick- 
siiTer,  contained  in  a  glass  ball,  which  terminates  in  a  long 
narrow  tube.  Tliis  instrument,  called  a  i/iermomefer^  is  of 
the  most  important  use  in  acquiring  and  recording  our  know- 
ledge of  the  properties  and  laws  of  caloric.  The  thermometer, 
kowevcr,  it  must  be  obvious,  is  no  otherwise  a  measure  of  the 
quantity  of  caloric,  than  as  it  ascertains  the  amount  of  one  of 
its  principal  effects.  In  this  respect,  it  stands  in  much  the 
same  pre<licament  as  the  hygrometers  of  Snussure  or  Deluc, 
when  considered  as  means  of  determining  the  moisture  of  the 
atmosphere.  These  last  instruments,  it  may  be  remembered, 
are  composed  of  some  substance  (such  as  a  human  hair,  or  a 
roL,  A  G 
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slip  of  whalebone)  which  is  lengthened  by  a  moist  atmosphere 
and  contracted  by  a  dry  one;  and  in  a  degree  proportionate 
to  the  moisture  or  dryness.  But  all  the  information,  which 
hygrometers  of  this  sort  give  us,  is  the  degree  of  moisture  be- 
tween certain  points  that  form  the  extremities  of  their  scales ; 
and  they  are  quite  incompetent  to  measure  the  absolute  quan- 
tity of  watery  vapour  in  the  air. 

In  explaining  those  properties  and  laws  of  caloric,  which 
have  become  known  to- us  by  means  of  the  thermometer,  it 
appears  a  sufficiently  natural  division  of  the  subject  to  de- 
scribe, Istly,  those  effects  which  caloric  produces,  without 
losing  its  properties  of  exciting  tlie  sensation  of  heat  and  oc- 
casioning expansion :  and,  2dly,  those  agencies,  in  which  its 
characteristic  properties  are  destroyed,  and  in  which  it  ceases 
to  be  cognizable  by  our  senses  or  by  the  thermometer. 

The  EXPANSION  or  dilatation  of  bodies,  it  will  appear,  is 
an  almost  universal  effect  of  an  increase  of  temperature.  Its 
amount,  however,  is  not  the  same  in  nil  bodies,  but  differs  very 
essentially.  By  the  same  increase  of  temperature,  liquids  ex- 
pand more  than  solids,  and  aeriform  bodies  much  more  than 
cither.  Nor  is  the  same  quantity  of  expansion  effected  in  the 
safne  solid  or  liquid,  at  all  temperatures,  by  adding  similar 
quantities  of  heat ;  for,  generally  speaking,  bodies  expand  by 
equal  increments  of  caloric,  more  in  high  than  in  low  tempe- 
ratures. The  explanation  of  this  fact  is,  that  the  force  ofv- 
posing  expansion  {viz,  cohesion)  is  diminished  by  the  inter- 
position of  caloric  between  the  particles  of  bodies  :  and,  there- 
fore, when  equal  quantities  of  caloric  are  added  in  succession, 
the  last  portions  meet  with  less  resistance  to  their  expansive 
force  than  the  first.  In  gases,  which  are  destitute  of  cohesion, 
equal  increments  of  heat  appear,  on  the  contrary,  to  be  at- 
tended with  precisely  equal  augmentations  of  bulk. 

An  important  property  of  IVce  caloric,  the  knowledge  of 
which  has  been  acquired  by  means  of  the  thermometer,  is  its 
tendency  to  an  equilibrium.  Twenty  or  thirty  different  bodies, 
for  instance,  all  unequally  heated,  soon  arrive,  when  exposed 
in  a  still  atmosphere,  at  an  equality  of  temperature.  When  a 
heated  l>all  of  iron  is  exposed  to  the  open  air,  the  caloric, 
.which  is  accumulated  in  it,  flows  out;  and  its  temperature  is 
.^ndMally  reduced  to  that  of  the  surrounding  medium.    This 
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is  owing  to  two  distinct  causes:  the  air,  immediately  sur- 
rounding the  ball,  acquires  part  of  the  caloric  which  escapes ; 
and,  having  its  bulic  increased,  is  rendered  specifically  lighter, 
and  ascends.  This  is  succeeded  by  a  cooler  and  heavier  por- 
tion of  air  from  above,  which  in  its  turn  is  expanded  and 
carries  oflT  a  second  quantity  of  caloric.  Hence  a  considerable 
part  of  the  caloric,  which  is  lost  by  a  heated  body,  is  conveyed 
away  by  the  ambient  air;  a  property,  of  which  advantage  is 
taken  in  the  warming  and  ventilating  of  apartments.  But  the 
refrigeration  cannot  be  wholly  explained  on  this  principle; 
for  it  has  been  long  known  that  heated  bodies  cool,  though 
with  less  celerity,  under  the  exhausted  receiver  of  an  air  pump^ 
and  even  in  a  Torricellian  vacuum. 

When  the  phenomena  accompanying  the  cooling  of  bodies 
are  accurately  examined,  it  is  found  that  a  part  of  tlie  caloric, 
which  escapes,  moves  through  the  atmosphere  with  immca- 
sureable  velocity.  In  an  experiment  of  M.  Pictet,  no  percepti- 
ble interval  took  place  between  the  time  at  which  caloric 
quitted  a  heated  body,  and  its 
rece|Hion  by  a  thermometer  at 
the  distance  of  sixty-nine  feet. 
It  appears  also,  from  the  expe- 
riments of  the  same  philosopher, 
to  move  with  equal  case  in  all 
directions,  and  not  to  be  at  all 
impeded  by  a  strong  current  of 
air  meeting  it  transversely. 
Hence  it  follows  that  the  pro- 
pagation of  caloric,  in  this  state 
of  rapid  movement,  does  not 
de]>cnd  on  any  agency  of  the 
medium  through  which  it  passes. 
This  was  satisfactorily  proved, 
too,  by  Sir.  H.  Davy,  who  con- 
trived by  means  of  the  appara- 
tus, represented  in  the  annexed 
•ketch,  to  effect  the  radiation  of 
heat  in  vacuo.  Between  the 
points  of  two  wires,  inclosed  in 

(i^aastubeswbich  passed  through 

o2 
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n  brass  plate,  was  placed  a  piece  of  charcoal,  which  was  intense* 
\y  ignitcci  by  voltaic  electricity,  and  the  effect  of  radiation  in 
the  focus  of  the  lower  concave  mirror  was  ascertained  by  a  dc» 
licate  thermometer,  first  when  the  receiver  was  full  of  air,  and 
next  when  it  was  exhausted  to  ^}.-^.  In  the  latter  case,  the  cf* 
feet  of  radiation  was  found  to  be  three  times  greater  than  in 
an  atmosphere  of  common  density.  The  same  conclusions 
flow,  also,  from  the  experiments  of  Petit  and  Dulong  on  the 
rate  of  cooling  of  bodies  in  vacuo. 

Like  light,  heat  appears  to  be  transmitted  in  parallel  rays, 
and  it  has,  therefore,  been  called  Radiant  Caloric*  The  com* 
parativc  quantities  of  caloric  lost  by  radiation  and  by  conduction 
may  be  approximated  by  observing  what  time  it  takes  to  cool, 
through  the  same  number  of  degrees,  in  air  and  in  vacuo. 
By  experiments  of  this  kind,  Dr.  Franklin  thought  he  had 
ascertained  that  a  body,  which  requires  five  minutes  in 
vacuo,  will  cool  in  air,  through  the  same  number  of  degrees, 
in  two  minutes.  Count  Uumford's  experiments  with  a  Tor- 
ricellian  vacuum  give  the  proportions  of  5  to  3.  It  will,  per- 
haps,  not  be  very  remote  from  the  truth,  if  it  be  stated,  in 
geneial  terms,  that  one  half  of  the  caloric,  lost  by  a  heated 
body,  escapes  by  radiation,  and  that  the  rest  is  carried  ofFby 
the  ambient  atmosphere. 

The  rate  of  cooling  appears  to  bear  a  proportion  to  the  ele- 
vation of  temperature  of  a  body  above  that  of  the  surrounding 
medium.  Hence  in  part  it  is,  that  a  heated  body,  during  re- 
frigeration, loses  unequal  quantities  of  caloric  in  equal  times. 
The  series  appears  to  be  pretty  nearly  a  geometrical  one. 
Thus,  supposing  the  temperature  of  a  body  to  be  1000  degrees 
above  the  surrounding  medium, 

In  the  first  minute   it  will  lose  -^\  of   its    heat    or    900^ 

In  the  second ^».-  of  the  remainder  =  90 

In  the  third    ^n_  of  10 =    9 

This  law  of  refrigeration,  originally  laid  down  by  Newton, 
it  is  nsscrled  by  Dr.  Delaroclie,  though  nearly  accurate  at  low 
temperatures  i^  far  from  being  so  at  high  ones;  and  his  ob- 
jcctions  have  been  fully  confirmed  by  Petit  and  Dulong,  who 
"lure  shown  that  the  error  increases  as  the  temperature  aug- 
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malMf  nod  at  length  becomes  enormously  great.  (Annals  of 
lUoiophjr,  voL  xiii.) 

Ilie  movement  of  caloric  by  radiation  occurs  only  in  free 
fHi^  or  through  transparent  media.  It  appears  to  be  the 
■K  through  all  the  different  varieties  of  aeriform  bodies ; 
tat^  as  will  afterwards  appear^  the  gases  differ  materially 
km  each  other  in  tlieir  conducting  power.  Caloric,  also, 
■isiM  from  bodies  at  all  temperatures,  but  the  quantity 
■dhled  bean  some  proportion  to  the  excess  of  the  tempera- 
Mi  of  the  hot  body  above  that  of  the  surrounding  medium. 
if  we  have  any  number  of  bodies  at  different  tempe- 
in  the  vicinity  of  each  other,  they  may  all,  agreeably 
bdw  ingenious  theory  of  M.  Prevost,  be  considered  both  as 
afadng  and  receiving  caloric;  but  the  hot  ones  will  radiate 
iKtiian  they  receive,  while  the  cold  ones  will  receive  more 
An  they  radiate. 

Hie  process  of  radiation  appears  to  be  constantly  going  on 
ham  the  surface  of  the  earth,  and  it  is  partly  on  this  principle 
tkit  ve  are  to  explain  why  the  heat  which  our  planet  is  in- 
ttMDlly  receiving  from  the  sun,  does  not  accumulate  to  such 
t  degree  as  to  render  it  a  less  fit  habitation  for  man.     The 
period,  when  radiation  from  the  surface  of  the  globe  is  most 
dbcoferable  by  its  effects,  seems  to  be  during  the  night,  es- 
pecially when  the  sky  is  perfectly  unclouded,  for  a  covering  of 
douds  serves  as  a  mantle  to  the  earth,  and  prevents  the  free 
Ottpe  of  radiant  heat.      Under  favourable  circumstances,  it 
liH  been  shown  by  Dr.  Wells,  that  the  temperature  of  the 
(pound,  especially  when  its  covering  is  formed  of  some  sub- 
tmce  that  radiates  freely,  is  several  degrees  below  that  of  the 
Kmospheric  stratum,  a  few  feet  above  it.  It  is  this  diminished 
taperature  of  the  earth's  surface,  that  occasions  the  deposi- 
tioQ  of  dew  and  hoar  frost,  which  are  always  observed  to  be 
■ott  abundantly  formed  under  a  clear  unclouded  sky. 

Caloric,  besides  radiating  through  transparent  media,  is  ca- 
pible,  also,  of  passing  through  dense  and  opaque  bodies, 
though  with  prodigiously  impaired  velocity.  Thus  a  long 
kr  of  iron,  heated  at  one  end,  requires  considerable  time  to 
komie  hot  at  the  other.  Tliis  property  in  bodies  has  been 
criisd  their  conducting  power,  and  it  exists,  in  different 
bodies,  in  very  different  degrees.    It  is  not,  however^  found 
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to  bear  a  proportion  to  any  other  quality  of  bodies,  such  as 
their  densities,  &c. 

All  die  properties  of  caloric,  which  have  been  hitherto  de- 
scribed, belong  to  it  when  supposed  to  be  in  a  free  or  uncom- 
biued  form ;  for  it  continues  to  produce  the  sensation  of  heat 
and  to  expand  the  mercury  of  the  thermometer.  In  the  in- 
stances of  its  agency,  also,  that  have  been  mentioned,  no  per- 
manent change  of  form  or  of  properties  is  effected  in  the  bodies 
which  have  imbibed  caloric.  A  bar  of  iron,  after  being  ex- 
panded by  heat,  retuiiis  on  cooling  to  the  same  state  as  before 
and  exhibits  all  its  former  qualities.  In  certain  cases,  however, 
caloric  is  absorbed  by  bodies,  with  the  loss  of  its  distinguish- 
ing properties.  It  can  then  be  no  longer  discovered  by  our 
senses  or  by  tlie  tliermomcter :  and  it  produces  important  and 
sometimes  |)ermanent  changes  m  the  bodies  into  which  it 
enters. 

Those  effects  of  caloric,  in  the  production  of  which  it  loses 
its  distinguishing  properties,  may  be  classed  under  two  general 
heads. 

I.  BodieSf  in  passing  from  a  denser  io  a  rarer  siaie,  generally 
absorb  caloric. — ^Thus  solids,  during  liquefaction,  imbibe  a 
quantity  of  caloric,  which  ceases  to  be  apparent  to  our  senses 
or  to  the  thermometer ;  or,  as  it  has  been  termed,  becomes 
latent.  In  a  similar  manner,  solids  and  liquids,  during  thdr 
conversion  into  vapours  or  gases,  render  latent  a  quantity  of 
caloric,  which  is  essential  to  the  elasticity  of  the  new  product. 
In  common  language  cold  is,  in  such  cases,  said  to  be  pro* 
duced ;  but  by  the  production  of  cold  we  are  to  understand, 
in  philosophical  language,  nothing  more  than  the  passage  of 
caloric  from  a  free  to  a  latent  form. 

II.  BoJieSf  by  an  increase  of  density ^  mostly  evolve  or  giveont 
caloricy  which  passes  from  a  latent  to  a  free  state. — The  simplest 
illustration  of  this  law  is  in  the  effect  of  hammering  a  piece  of 
metal,  which  may  thus  be  intensely  heatetl,  while  all  that  is  per- 
manently effected  is  an  augmentation  of  its  density.  Liquids  by 
becoming  solids,  or  gases  by  conversion  into  liquids,  also,  evolve 
caloric,  or  produce  an  increase  of  temperature.  A  pound  of 
water  condensed  from  steam,  will  render  100  pounds  of 
water  at  50^  warmer  by  11^;  whereas  a  pound  of  boiling  water, 
will  produce  the  same  rise  of  t^nperature  in  no  more  than 
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im  l^  pounds.  This  is  owing  to  the  much  greater  quan- 
if  of  caloric,  existing  in  a  |>ound  of  steam,  than  in  a  pound 
tf  bofliog  water,  thoagh  steam  and  boiling  water  afkd  the 
tknnometer  in  precisely  the  same  degree. 

it  is  a  qnestion  which  has   excited  considerable  interest 
MH^  philosophers,    whether  caloric,  when  thus  absorbed 
■d  rendered  latent,  enters  into  chemical  combination,  or  is 
■errij  anited  by  the  same  kind  of  ties  as  that  portion  of  ca- 
kie  that  produces  the  temperature  of  bodies.     Does  ice,  for 
cnople*  when   changed  into  water,  form  a  chemical  union 
tidi  caloric,  similar  to  that  which  exists  between  potash  and 
■iphoric  acid  ?     Such  appears  to  have  been  tlic  opinion  of 
Dr.  Black,  who,   by  the  powers  of  an  original  and  well-di- 
rected genius,  discovered,  about  the  year  1760,  the  greater 
■niber  of  those  facts  that  formed  tlie  groundwork  of  the  theory 
rfbtent  heat.     The  resemblance,  however,  between  chemical 
nioQ  and  the  disappearance  of  caloric,   which,  on  first  view, 
ippears  extremely  striking,  will  be  found,  it  must  be  confessed, 
ka  close  on  a  nearer  examination.     For  caloric  may  be  made 
to  quit  tliose  l>odies,  into  which  it  has  entered  with  a  loss  of 
its  peculiar  projwrties,  merely  by  reducing  their  temperature; 
vhereas  chemical  combinations  in  general  cannot  be  destroy- 
ed, except  by  the  interference  of  more  energetic  affinities.     In 
opposition  to  the  foregoing  theory,  it  has  been  contended  time 
tke  absorption  of  caloric  by  bodies  is  a  consequence  of  what 
Ins  been  called  a  change  of  their  cajjacily.     Thus  ice,  it  is 
Mipposcd,  in  becoming  water,  has  its  capacity  for  caloric  in- 
creased, and  the  absorption  of  caloric  is  a  consequence  of  this 
increased  capacity.     This  theory,  however,  is  deficient,  inas- 
much as  it  fails  to  explain  what  is  the  cause  of  that  change  of 
fcrm,  which  is  assumed  to  account  for  the  increase  of  capa- 
city.    Notwithstanding  this  obvious  objection,  I  have  retained 
the  term  capacity  to  express,  in  the  abstract,  that  power  by 
nhich  bodies  absorb  and  render  latent  different  quantities  of 
caloric ;  or  the  property  of  requiring  more  or  less  caloric  for 
raising  their  temperature  an  equal  number  of  degrees.     The 
absorption  of  caloric,  then,  will  always  be  owing  to  an  in- 
crease, and  its  evolution  to  a  decrease,  of  capacity.     The  use 
of  these  terms  may  be  exemplified  by  a  slight  change  of  the 
perspicuous  language  of  Dr.  Crawford.    "  The  capacity  for 
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containing  caloric,"*  he  observes,  '^  and  the  absolute  caloric 
contained,  arc  distinguished  as  a  force  from  the  subject  upon 
which  it  operates.  When  we  speak  of  the  capaciiyt  we  mean 
a  power  inherent  in  the  heated  body ;  when  we  speak  of  the 
absolute  caloric^  we  mean  an  unknown  principle,  which  is  re- 
tained in  the  body  by  the  possession  of  this  power ;  and  wlien 
we  speak  of  the  temper alure^  we  consider  the  unknown  prin- 
ciple as  producing  certain  effects  upon  the  thermometer/' 

As  the  capacities  of  bodies  determine  their  relative  quan- 
tities of  caloric,  it  seems  reasonable  to  conclude,  that  if  we  can 
ascertain  how  much  caloric  a  body  absorbs  or  gives  out  in 
changing  its  form,  and  in  what  proportion  its  capacity  is  at 
the  same  time  altered,  we  may  deduce  the  absolute  quantity  of 
heat  which  it  contains.  Now  it  will  be  afterwards  shown  that 
the  heat,  evolved  by  water  in  freezing,  is  equal  to  140°;  and 
the  capacity  of  water  has  been  stated  to  bear  to  that  of  ice  the 
proportion  of  10  to  9.  Water,  then,  in  becoming  ice,  must 
give  out  -yVth  of  its  whole  caloric,  and  as  this  amounts  to  140^, 
ten  times  J  40  (or  1400°)  is  the  whole  quantity  of  caloric  in 
water  at  the  temperature  of  32°;  and  deducting  140  from 
1400,  we  have  1260°  for  the  caloric  contained  in  the  ice  itself. 
This  method  of  determining  the  problem  seems,  however,  to 
me,  to  be  liable  to  several  objections,  which  it  would  take  up 
too  much  room  to  state  in  this  place,  and  which  I  have  else- 
where urged  at  considerable  length,  f  Nor  does  it  appear 
that  any  other  mode  of  investigation,  yet  proposed,  is  capable 
of  giving  us  approximations  to  the  truth  that  are  more  to  be 
relied  on ;  for  enormous  differences  as  to  the  absolute  zerOf  or 
point  of  total  privation  of  heat  on  the  thermomctric  scaler 
have  resulted  from  the  inquiries  of  different  philosophers, 
showing  that  we  still  want  the  data  essential  to  such  an  inves- 
tigation. 

These  general  observations  I  have  deemed  it  necessary  to 

make,  with  a  view  of  connecting  together  the  pro|>ositions 

.  respecting  caloric,  and  the  experiments  illustrating  them,  that 

fbrm  the  subject  of  the  following  sections.    The  inquiry  re- 

wt  is  one  which  presents  a  boundless  field  for  in- 


^  Dr.  CreHrfi>rd  on  Heat,  p.  a. 

^  Mincheijejr  Mcinoin,  v.  j  or  Phil.  Mag. 
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tootiiig  ipcculation  ;  and  it  would  have  been  easy  to  have 
■tnded  very  cousiderably  the  discussion  of  its  nature  and 
fnpeities.  But  in  this  work,  I  have  no  fiirthcr  object  than 
likdl  the  student,  by  easy  steps^  to  a  knowledge  of  what  has 
heoi  actually  determined  by  ex|)eriment,  or  strictly  and  legt- 
linslely  deduced  from  it. 


SECTION  II. 

lUusiraiions  of  the  Effects  of  Free  Caloric. 

I.  Caloric  eac/^ands  all  bodies, — Tlie  expansion  of  liquids  is 
Aovn  by  that  of  the  mercury  of  a  thermometer,  or  by  ini- 
■ernng  In  hot  water  a  gloss  matrass  (pi.  i.  fig.  4'),  filled,  up 
to  t  mark  in  the  neck,  with  spirit  of  wine,  tinged  with  any 
eokwring  substance.  The  spirit  expands  immediately  when 
iMiled,  and  would  overflow  if  not  placed  in  a  cooler  situation. 
The  de^ee  of  expansion  produced  in  different  Tujuids,  by 
simiiar  elevations  of  temperature,  varies  very  considerably. 
Thus,  water  expands  much  more  than  mercury,  and  alcohol 
more  than  iTvater.  This  difference  of  expansibility  is  even 
flifliciently  striking  to  appear  in  a  remarkable  degree,  when 
wc  immerse,  in  water  heated  to  150^,  three  equal  glass  vessels 
of  the  shape  of  thermometer  tubes,  containing  the  one  mer- 
cury, the  other  water,  and  the  third  spirit  of  wine.  The 
spirit  will  begin  to  escape  from  the  aperture  of  the  vessel, 
before  the  mercury  has  ascended  far  in  the  stem.*  The  ex- 
pansion of  aeriform  bodies  is  shown,  by  holding,  near  the  fire, 
a  bladder  half  filled  with  air,  the  neck  of  which  is  closely  tied, 
so  as  to  prevent  the  enclosed  air  from  esca))ing.  'J^hc  bladder 
will  soon  be  fully  distendeil,  and  may  even  be  burst  by  con- 
tinuini;  and  increasing  the  heat.  All  aeriform  bodies  when 
deprived  of  moisture,  and  even  condensible  vapours,  when  not 
in  contact  with  the  liquids  from  which  they  have  been  produced, 
undergo  the  same  expansion  or  contraction,  at  all  tempera- 
tures   hitherto  tried,  by  similar  additions  or  subtractions  of 


See  a  table  of  the  expansion  of  liquids  ia  the  Appendix. 
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heat.  This,  for  a  single  degree  of  Fahrenheit's  thermomelBiiiA  ^ 
is  .^  part  of  their  bulk,  between  32^  and  212^,  as  first  ddtt  ils& 
mined  by  Mr.  Dalton,  and  afterwards  confirmed  by  Otfafifi 
Lussac.  At  a  cherry  red  heat  (=  about  1085°  Fahr.)  Sir  Hierd 
Davy  found  that  a  volume  of  nir  =:  1  at  212°  Fahr.,  hecum.'t^:ik 
2.5  volumes.     (On  Flame,  p.  68).  ;i^i 

'J  he  expansion  of  solids  may  be  made  apparent  by  heating ?bi^ 
a  rod  of  iron,  of  such  a  length  as  to  be  included,  when  coldi^n^T 
between  two  points,  and  the  diameter  of  which  is  such,  m^^ 
barely  to  allow  it  to  pass  through  an  iron  ring.  When  heatai^f^^ 
it  will  have  become  sensibly  longer ;  and  it  will  be  found  Uhi%u^ 
capable  of  passing  through  the  ring.     This  property  of  metal^;,^ 
has  been  applied  to  the  construction  of  an  instrument  toa^ 
measuring  temperature,  called  a  pyrometer^  a  neat  and  distind^i 
representation  of  which  is  given  in  the  first  volume  of  ^'  Cbe-*^ 
mical  Conversations."     On  the  same  principle,  M.  Br^gUii^i 
has  constructed  a  very  sensible  metallic  thermometer.  (Ann.  df  ^  • 
Chim.  et  Phys.  v.  312).     It  consists  of  a  slip  of  silver  ami  ' 
another  of  platina  coiled  into  a  spiral,  one  end  of  which  it 
fixed,  while   the  other  is  connected   with  an   index  which  ^ 
traverses  a  circular  graduated  plntc.     This  instrument  is  CR(» 
pable  not  only  of  measuring,  distinctly,  variations  of  tcmpcm- 
ture  too  slight  to  be  shown  by  a  common  thermometer,  but 
also  of  being  aifected  by  changes  too  transient  to  be  perceived 
even  by  an  air  thermometer.     Mr.  Daniell  has,  also,  availed 
himself  of  the  same  property  of  expansion,  in  constructing  a 
thermometer  for  measuring  high  degrees  of  heat.     A  bar  of 
platina  is  inclosed  iu  a  case  made  of  the  snnie  ware  as  black 
lead  crucibles,  and  is  fixed  to  it  at  one  end,  while  the  other  is 
left  free  to  move  an  index,  by  which  means  degrees  of  heat 
alK)ve  ignition  admit  of  being  accurately  measured.     (Jour,  of 
Science,  xi.  809). 

The  degree  of  expansion  is  not  the  same  for  all  solids,  and 
even  differs  materially  in  substances  of  the  same  class.  Tlius» 
the  metals  expand  in  the  following  order,  the  most  expansible 
being  placed  first;  zinc,  lead,  tin,  copper,  bismuth,  iron,  steel, 
antimony,  palladium,  platina.*  The  experimcnu  of  Dr.  Ure 
(Phil.  Trans.  1818),  tend  to  show  that  e<jual  degrees  of  expan- 


*  See  the  table  in  llie  Appendix. 
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^T I  M«e  produced  in  a  bar  of  melal,  by  a  succession  of  similar 
^'^  IkmMDts  of  heat.  Thus  if  the  absolute  elongation  of  a  me- 
^?  ilBerod  heated  from  32^  to  122%  be  called  10,  then  its  elon- 
'^  f  frtioi^  by  each  of  four  successive  intervals  of  90^  Fabr ,  was, 
^1  uneiriy  as  possible,  10  also. 

ill  bodies,   after   being  heated,  return  again,  on  cooling, 
pneivly  to  their  former  dimensions. 

Tbeexpansion  of  metals  produces  important  effects  in  various 

■fichanical  instruments,  especially  in  clocks;  for  a  pendulum 

nbnting  seconds  will,  by  a  change  of  temperature  equal  to 

XP  Fahr.  alter  its  length  about  ^^-j^  part)  which  is  sufficient  to 

cbaiige  its  rate  of  going  eight  seconds  of  time  per  day.     To 

ibviate  this  inconvenience,  various  contrivances  have  been  re- 

flitedtoi,  which  are  described  in  works  on  practical  horology. 

To  the  general  law  of  the  expansion  of  bodies  by  heat  and 

ihcir  contraction  by  cold,  there  are,  however,  several  excep- 

>Vater  by  freezing  is  considerably  increased  in  bulk ; 

in    the  act  of  crystallizing  expand;  and  some  of  the 

as  cast  iron,  bismuth,  and  antimony,  have  their  dimen- 

enlargcnl  by  congealing;  but  mercury  and  other  metals 

ibUow  the  general  law,  and  occupy  less  bulk  when  solid  than 

when  fluid. 

IL  Const ruciion  of  l/ie  il'ermomeler  founded  on  the  principle 

•f  expansion. — The  thermometer  is  an  instrument  of  so  much 

importance,  that  it  may  be  expedient  to  explain  the  construe* 

tion  of  the  different  kinds  which  are  required  in  chemical  re^ 

searches. 

The  instrument  employed  by  Sanctorio,  to  whom  the  in- 
vention of  the  thermometer  is  generally  ascribed,  was  of  a  very 
itinple  kind,  and  measured  variations  of  temperature  by  the 
Tiriable  expansion  of  a  confined  portion  of  air.     To  prepare 
this  instrument,  a  glass  tube  (pi.  i.  fig.  9)  is  to  be  provided, 
eighteen  inches  long,  open  at  one  end,  and  blown  into  a  ball 
It  the  otlier.     On  applying  a  wnrm  hand  to  the  ball,  the  in- 
duded  air  expands,  and  a  portion  is  expelled  through  the 
open  end  of  the  tube.     In  this  state,  the  aperture  is  quickly 
immersed   in  a  cup  filled  with   any  coloured  liquid,  which 
iicends  into  the  tube,  as  the  air  in  the  ball  contracts  by  cooling. 
The  instrument  is  now  prepared.     An  increase  of  temperature 
ibrccs  the  liquor  down  the  tube ;  and,  on  the  contrary,  the 
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application  of  cold  couses  its  ascent.  Theftc  eifcctt  may  be 
exhibited  alternately  by  applying  the  hand  to  the  ball,  and 
then  blowing  on  it  with  a  pair  of  bellows.  By  the  application 
of  a  graduated  scale,  the  amount  of  the  expansion  may  be 
measured. 

The  ball  of  the  above  instrument,  it  must  be  obvious,  cannot 
be  conveniently  applied  to  measure  the  temperature  of  liquids. 
For  adapting  it  to  this  purpose,  a  slight  variation  may  be 
made  in  its  construction,  as  represented  fig.  8,  tf.  To  prepare 
this  instrument,  a  small  spherical  glass  vessel  is  to  be  about 
one  6th  or  one  4th  filled  with  any  coloured  liquid.  The  tube^ 
open  at  both  ends,  is  then  to  be  cemented  into  the  neck,  with 
its  lower  aperture  beneath  the  surface  of  the  fluid.  The  ex- 
pansion of  the  included  air  drives  the  liquid  up  the  stem,  to 
which  we  may  affix  a  graduated  scale,  corresponding  with  that 
of  a  common  mercurial  thermometer.  Other  modifications 
have  also  been  made  by  different  philosophers.  One  of  the 
most  useful  and  simple  forms  is  represented  fig.  8,  b.  It  con* 
sists  merely  of  a  tube  of  very  small  bore^  from  9  to  12  inches 
long,  at  one  end  of  which  is  blown  a  ball,  from  half  an  inch 
to  an  inch  in  diameter,  which  is  aflerwards  blackened  by  painty 
or  by  the  smoke  of  a  candle.  A  small  column  of  coloured 
liquid,  about  an  inch  in  length,  is  then  introduced,  by  a  ma* 
nipulation  similar  to  that  already  described.  To  fit  the  instru- 
ment for  use,  this  column  ought  to  be  stationary,  about  the 
middle  of  the  tube,  at  the  common  temperature  of  the  at- 
mosphere. The  slightest  variation  of  temperature  occasions 
the  movement  of  the  coloured  liquid ;  and  a  scale  of  equal 
parts  measures  the  amount  of  the  efiect. 

An  insui^erable  objection,  however,  to  the  air  thermometer, 
as  thus  conslrucledf  is,  that  it  is  afiected,  not  only  by  changes 
of  temperature,  but  by  variations  of  atmospheric  pressure.  Its 
nliiity  Gonsiiti  in  the  great  amount  of  the  expansion  of  air, 
bj  A  given  elevation  of  temperature,  is  increased  in 
■  twenty  limes  more  than  mercury.  Hence  it  is 
^minute  changes,  which  the  mercurial  ther- 
voriy  discover;  and  its  expansions  being 
litions  of  heat,  it  is  better  adapted  than 
iagi  when  properly  applied,  an  accurate 
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An  inportant  mcxtification  of  the  nir  thermometer  lins  been 
mvcntccl  by  Mr.  Ix^lie,  nnd  employed  by  him,  with  vrreiit 
advantiigip^  in  lits  inlcreKting  researches  respecting  lient.  To 
Am  insrranient  lie  lias  given  the  nnme  of  the  Differentinl 
Tlicnnom€?ter.  Its  construction  is  as  follows:  *'  Two  ginst 
tibcs  of  unequal  length,  each  terminating  in  a  hollow  ball, 
ad  having  their  bores  somewhat  widened  at  the  other  ends  (a 
■■II  portion  of  sulphuric  acid,  tinged  with  carmine,  being 
iMrodnced  into  the  ball  of  the  longer  tube),  are  joined  toge^ 
ther  by  the  flame  of  a  blow-pipe,  and  aiVerwanIs  bent  nearly 
mto  the  shape  of  the  letter  U  (see  fig.  7),  the  one  flexure 
faoDg  made  just  below  the  joining,  where  the  small  cavity 
fccflitales  the  adjustment  of  the  instrument.  This,  by  a  little 
Asterity,  is  performed,  by  forcing,  with  the  heat  of  the  hand, 
tfev  minute  globules  of  air  from  the  one  cavity  into  the  other. 
Tlie  balls  are  blown  as  equal  as  the  eye  can  judge,  and  from 
iMr  lOths  to  seven  lOths  of  an  inch  diameter,  llie  tubes  are 
ach  as  are  drawn  for  thermometers,  only  with  wider  bores ; 
that  of  the  short  one,  to  which  the  scale  is  affixed,  must  have 
■B  exact  cuilibre  of  a  50lh,  or  a  60th,  of  an  inch.  The  liore 
of  the  long  tube  need  not  be  so  regular,  but  should  be  visibly 
brger,  as  the  coloured  liquid  will  then  move  quicker  under 
sny  impression.  Each  leg  of  the  instrument  is  irom  three  to 
six  inches  in  height,  and  the  balls  are  from  two  to  four  inches 

apart. 

^  A  moment's  attention  to  the  construction  of  this  instru- 
ment will  satisfy  us,  that  it  is  aflfectetl  only  by  the  difference  of 
heat  in  the  corresponding  balls;  and  is  calculated  to  measure 
sock  difibrence  with  peculiar  nicety.     As  long  as  both  bulls 
are  of  the  same  temperature,  whatever  this  may  be,  the  air 
contained  in  both  will  have  the  same  elasticity,  and,  coiise- 
cfuently,  the  intercluded  coloured  liquor,  being  pressed  equally 
in  opjiosite  directions,  must  remain  stationary.     But  if,  for 
instance,  the  ball  which  holds  a    portion    of  the   liquor  l)c 
warmer  than  the  other,  the  superior  elasticity  of  the  confined 
air  will  drive  the  licjuid  forwards,  and  make  it  rise,  in  the 
opposite  branch,  above  the  zero,  to  an  elevation  proportional 
to  the  excess  of  elasticity,  or  of  heat."     The  amount  of  the 
eflTect  is  ascertained  by  a  graduated  scole,  the  interval  between 
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freezing  and  boiling  being  distinguished  into  100  equal 
grees.  This  instrument,  it  must  be  obvious,  cannot  be  «|ai 
plied  to  measure  variations  iu  the  temperature  of  the  sota 
rounding  atmosphere,  for  the  reason  already  assigned.  It  i^ 
peculiarly  adapted  to  ascertain  the  difference  of  the  tempoi^ 
atures  of  two  contiguous  spots  in  the  same  atmosphere ;  fii^ 
example^  to  determine  the  heat  in  the  focus  of  a  reflector.      i^, 

A  differential  thermometer  has  been  contrived  by  Ds.. 
Howard,  resembling  that  of  Mr.  Leslie  in  its  general  fonni^ 
.but  in  which  the  degree  of  heat  is  measured  by  the  expansim 
force  of  the  vapour  of  ether  or  spirit  of  wine  in  vacuo.  Directiovl 
for  constructing  it  arc  given  ui  the  8th  volume  of  the  Quaitcv! 
ly  Journal  of  Science,  p.  219.  It  is  intended  to  be  applied  m 
the  same  purposes  as  that  of  Mr.  Leslie,  but  is  more  sensibll 
to  changes  of  temperature,  and  the  movement  of  the  floidi 
(ether  tinged  by  a  drop  of  tincture  of  cochineal),  follows  in* 
stantaneously  the  application  of  the  heating  cause,  whereas  Ul 
the  air  thermometer  some  time  is  required  before  the  eflbd 
takes  place.  i 

Thermometers,  filled  with  spirit  of  wine  (a  liquid  which  hm 
not  been  congealed  by  any  degree  of  cold  hitherto  produced]^ 
are  best  adapted  to  the  measurement  of  very  low  temperature^ 
at  which  mercury  would  freease.  The  amount  of  the  ex]nin- 
sion  of  alcohol,  also,  which  exceeds  that  of  mercury  abovi 
eight  times,  fits  it  for  ascertaining  very  slight  variations  o| 
temperature.  But  it  cannot  be  applied  to  measure  high  de- 
grees of  heat ;  because  the  conversion  of  the  spirit  into  vapoitf 
would  burst  the  instrument. 

The  fluid,  best  adapted  for  filling  thermometers,  is  mercurjr« 
which,  though  it  expands  less  in  amount  than  air,  or  alcoh^ 
still  undergoes  this  change  to  a  sufHcient  degree ;  and,  in  coo- 
sec]uence  of  its  difficult  conversion  into  vapour,  may  be  ap- 
plied to  the  admeasurement  of  more  elevated  temperatures. 
As  a  considerable  saving  of  expense  will  accrue  to  the  experi- 
mentalist, who  is  able  to  construct  mercurial  thermometer% 
I  shall  ofler  some  rules  for  this  purpose.  In  general,  however* 
I  should  deem  it  preferable  merely  to  superintend  their  con- 
struction, and  to  be  satisfied,  by  actual  inspection,  that  the 
necessary  accuracy  is  observed ;  because  much  time  must  be 
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■noidably  lost,  in  acquiring  the  manual  skill  which  is  essen- 
lUtoeoostnict  them  neatly. 

Tbermometer  tabes  may  be  had  at  the  glass-^house,  and  of 
nrion  philosophical  instrument  makers.  In  purchasing  them, 
Ane  should  be  rejected  that  are  not  hermetically  sealed  at 
boA  ends;  because  the  smallest  condensation  of  moisture, 
lUch  must  take  place  when  air  is  freely  admitted  within  the 
idbe^  is  injarious  to  the  accuracy  of  the  instrument.  A  small 
loltle  of  elastic  gum  should  be  provided,  in  the  side  of  which 
ibiMB  TaWe  is  fixed,  or  a  piece  of  brass  perforated  by  a 
aiD  bole,  to  be  occasionally  stopped  by  the  finger.  A  blow- 
fft  is  also  an  c^ssential  part  of  the  apparatus ;  and,  in  addi- 
tM  to  one  of  the  ordinary  kind,  it  will  be  found  useful  to 
kfeoiie  which  is  supplied  with  air  by  a  pair  of  double  bel- 
bn,  worked  by  the  foot. 

Before  proceeding  to  the  construction  of  the  thermometer, 
it  is  necessary  to  ascertain,  that  the  tube  is  of  equal  diameter 
■  difireiit  parts.  This  is  done  by  breaking  off  both  of  the 
Ki!ed  ends,  immersing  one  of  them  an  inch  or  two  deep  in 
dam  and  dry  mercur}',  and  then  closing  the  other  end  with 
Ik  finger.  On  withdrawing  the  tube  from  the  mercury,  a 
nallcoluoin  of  that  fluid  remains  in  it,  the  length  of  which 
ii  to  be  examined,  by  laying  the  tube  horizontally  on  a  gra- 
doated  niler.^  By  inclining  the  tube,  this  column  mny  be 
j^ually  moved  through  its  whole  kngth;  aivd  if  the  tube 
be  of  uniform  bore,  it  will  measure  the  same  in  every  part. 
Socb  a  degree  of  perfection,  however,  is  scarcely  ever  to  be 
observed  throughout  tubes  of  considerable  length ;  but,  in 
i;Hicral,  a  portion  of  the  tube  will  be  found  perfect,  of  sufli- 
deot  length  for  a  thermometer,  and  this  part  is  to  be 
broken  off. 

On  one  end  of  the  tube  let  the  neck  of  the  elastic  bottle  be 
firmly  tied ;  and  let  the  otiier  end  be  heated  by  the  flame  of 
the  biow-pipe,  till  the  glass  softens.  The  softened  part  must 
tben  be  pressed,  by  a  clean  piece  of  metal,  into  the  form  of  a 


*If  thr  tube  be  of  an  extremely  small  bore,  the  mercury  will  not  enter, 
and  must  lie  drawn  in  by  the  action  of  the  elastic  bottle,  and  not  by  the 
niouih. 
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ronncldl  button;  nnd  to  tliis  the  flame  of  the  lamp  mast  be 
stcndily  applied,  till  it  acquires  a  white  heat,  and  secniK  about 
to  enter  into  fusion.  To  prevent  its  falling  on  one  side,  the 
tube,  during  tb.is  time,  must  be  constantly  turned  round  by 
the  hand.  When  the  heated  part  appears  perfectly  soft,  re» 
move  it  quickly  from  the  lamp,  and,  holding  the  tube  verti- 
cally, with  the  elastic  bottle  uppermost,  press  this  last  gently 
with  the  hand.  The  glass  will  be  blown  into  a  small  ball,  bat 
not  into  one  sufficiently  thin  for  the  purpose.  To  this  the 
flame  of  the  lamp  must  again  be  applied,  turning  it  quickly 
round ;  and,  on  a  second  or  third  repetition  of  the  process 
of  blowing,  the  ball  will  be  completely  formed.  The  propon- 
tion  of  the  size  of  the  ball  to  the  bore  of  the  tube  con  only 
be  learned  by  some  experience. 

To  fill  the  ball,  which  hns  been  thus  formed,  with  mercary, 
the  air  must  first  be  expelled  by  holding  it  over  the  flame  of 
an  Argand's  lamp,  ond  then  quickly  immersing  the  open  end 
of  the  tube  in  very  clean  and  dry  quicksilver.  As  tho  ball 
cools,  the  mercury  will  ascend,  and  will  partly  fill  it.  Let  a 
paper  funnel  be  tied  firmly  over  the  open  end  of  the  tube; 
into  this  pour  a  small  portion  of  quicksilver,  and  apply  the 
heat  of  the  lamp  to  the  ball.  Any  remaining  portion  of  air 
will  thus  be  expelled  ;  and  if  the  heat  be  raised  so  as  to  boil 
the  mercury,  the  ball  and  stem  will  be  filled  with  mercnrial 
vapour,  the  condensation  of  which,  on  removing  the  ball 
from  the  lamp,  will  occasion  a  pretty  complete  vacuum.  Into 
this  vacuum,  quicksilver  will  descend  from  the  paper  cone; 
and  the  instrument  will  be  completely  filled.  But  for  the  pur- 
pose of  a  thermometer,  it  is  necessary  that  the  mercury  should 
rise  only  to  a  certain  height  of  the  stem ;  and  a  few  drops 
may,  therefore,  be  expelled  by  cautiously  applying  the  heat 
of  the  lamp.  To  estimate  whether  the  proper  quantity  of 
quicksilver  has  been  left  in  the  instrument,  immerse  the  ball 
first  in  ice-cold  water,  and  then  in  the  mouth.  The  space 
between  these  two  points  will  comprise  about  64%  or  rather 
more  than  one  third  of  the  whole  space  between  the  freezing 
and  boiling  points  of  water.  If  the  empty  part  of  the  tube  ex- 
ceeds, in  length,  about  three  times  the  portion  thus  filled  by 
the  expanded  quicksilver,  we  may  proceed  (when  an  instru- 
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■bC  is  wanted  with  a  scale  incliidint;  only  from  32**  to  21 2*^ 

fcwl  it  hermcticnlly,  which  is  done  ns  follows:  The  jMirt  to 

-^"■iBwiIed  is  first  heated  with  the  blow-pipe,  nnd  drawn  out 

toiiine  capillary  tube ;  the  bulb  is  then  heated,  till  a  few  par^ 

odaof  quicksilver  have  fallen  from  the  top  of  the  tul>e:  at 

Aiimoment,  the  flame  of  another  candle  is  directed,  by  the 

Uoir-pipe,  on    the  capillary  part  of  the  tube,  the  candle  is 

iithdrawn  from  the  ball,  and  the  tube  is  scaled,  at  the  instant 

ikn  the  mercury  begins  to  descend.     If  this  operation  has 

Imd  skilfully  performed,  so  as  to  leave  no  air  in  the  tube,  the 

whole  of  the  tube  should  be  filled  with  quicksilver  on  holding 

fte  instrument  with  the  ball  uppermost. 

To  have  very  large  degrees,  the  ball  must  bear  a  consider- 
able proportion  to  the  tube ;  but  this  extent  of  scale  cannot 
be  obtained  without  sacrificing,  in  some  measure,  the  sensibi- 
fitv  of  the  instrument.*  The  whole  of  the  process  of  construct- 
ng  thermometers  neatly  and  accurately  is  connected  with  the 
ponession  of  manual  skill,  which  practice  only  can  confer; 
md  it  is  scarcely  possible,  without  the  most  tedious  minute- 
MHi  to  describe  all  the  necessary  precautions  and  manipula- 
tioiis.  These  will  readily  suggest  themselves  to  a  person  who 
carries  the  above  instructions  into  eflfect. 

In  graduating  thermometers,  the  first  step  consists  in  taking 
the  two  fixed  points.  The  freezing  point  is  ascertained,  by 
immersing,  in  thawing  snow  or  ice^  the  ball  and  part  of  ihe 
Item ;  so  that  the  mercury,  when  stationary,  shall  barely  ap- 
pear above  the  surface.  At  this  place  let  a  mark  be  made 
with  a  file.  In  taking  the  boiling  point,  considerable  caution 
is  required ;  and,  for  reasons  which  will  afterwards  be  stated, 
attention  must  be  paid  to  the  state  of  the  barometer,  the 
height  of  which,  at  the  time,  should  be  precisely  ^9.8.  A 
tin  vessel  is  to  be  provided,  (for,  according  to  Gay  Lussac,t 
one  of  glass  leads  to  erroneous  results,)  lour  or  five  inches 
longer  than  the  thermometer,  and  furnished  with  a  cover,  in 


•  Directions  for  conslrucling  ihcrmomclcrs  of  great  sensibility  nre  gircn 
\jj  the  Chevalier  I^ndriani,  in  ihe  7th  volume  of  the  Journal  of  Science, 

p.  163. 

t  82  An.  de  Ch.  174>  and  7  An.  dc  Ch.  ct  Phys.  307* 

VOL.  I.  H 
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which  are  two  holes.  Through  one  of  these,  the  thermometer 
stem  must  be  passed  (the  bulb  being  within  the  vessel,)  so  that 
the  part,  at  wliich  the  boiling  point  is  expected,  msiy  be  just 
in  sight.  The  other  hole  may  be  left  open ;  and  the  cover 
being  fixed  in  its  place,  the  vessel,  containing  a  few  inches  of 
water  at  the  bottom,  is  to  be  set  on  the  fire.  The  thermo* 
meter  will  presently  be  wholly  surrounded  by  steam;  and 
when  the  mercury  becomes  stationary  in  the  stem,  its  place 
must  be  marked.  The  scale  of  Fahrenheit  is  formed  by  trans- 
ferring the  intermediate  space  to  paper  by  a  pair  of  compasses^ 
and  dividing  it  into  180°,  the  lowest  being  called  32°,  and  the 
highest  212°.  The  scale  of  other  countries,  however,  dtflen 
considerably ;  but  these  variations  do  not  prevent  the  com- 
parison of  observations  with  different  instruments,  when  the 
freezing  and  boiling  points  of  water  are  agreed  upon  as  fixed 
data.  In  the  appendix,  rules  will  be  given  for  converting  the 
degrees  of  other  scales  to  that  of  Fahrenheit. 

III.  The  dilatations  and  contractions  of  the  fluid  in  tJie  mer^ 

curial  thermometer^  are  nearly  proportional  to  the  quantities  of 

caloric^  which  are  communicated  to  the  same  homogeneous  bodies^ 

or  separated  from  ihem^   so  long  as  they  retain    the  same 

forth. 

Thus  a  quantity  of  caloric,  required  to  raise  a  body  20°  in 
temperature,  by  the  mercurial  thermometer,  is  nearly  double 
that  which  is  required  to  raise  it  10°.  Hence  there  appears 
to  be  a  pretty  accurate  proportion  between  the  increments  or 
decrements  of  heat,  and  the  increments  or  decrements  of 
expansion  in  the  mercury  of  a  thermometer.  On  this  prin- 
ciple, if  equal  quantities  of  hot  and  cold  water  be  mixed  to- 
gether, and  a  thermometer  be  immersed  in  the  hot  water,  and 
also  in  the  cold,  previously  to  the  mixture,  the  instrument 
should  point,  after  the  mixture,  to  the  arithmetical  mean,  or 
to  half  the  difTerencc  of  the  separate  heats,  added  to  the  less 
or  subtracted  from  the  greater.  This  will  be  proved  to  be 
actually  the  fact,  by  the  following  experiment.  Mix  a  pound 
of  water  at  172°  with  a  pound  at  32°.  Half  the  excess  of  the 
caloric  of  the  hot  water  will  pass  to  the  colder  portion ;  that 
is,  the  hot  water  will  be  cooled  70°,  and  the  cold  will  receive 
70°  of  temperature;  therefore  172—70,  or  32  +  70  =  102, 
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will  give  the  heat  of  the  mixture.    To  attain  the  arithmetical 
mean  exactly,  several  precautions  must  be  observed.* 

The  experiments  of  De  Luc,  however,  have  shown,  that 
the  ratio  of  expansion  does  not,  siricili/y  keep  pace  with  the 
actual  increments  of  temperature ;  and  that  the  amount  of 
the  expansion  increases  with  the  temperature.  Thus  if  a 
pven  quantity  of  mercury,  in  being  heated  from  32  to  122^, 
the  first  half  of  the  scale,  he  expanded  14  parts,  in  being 
raised  from  122  to  212%  the  higher  half,  it  will  be  expanded 
15  parts. 

From  the  inquiries  of  Mr.  Dalton,  it  appears  to  follow^ 
that  the  irregularity  of  the  expansion  of  mercury  is  even  con- 
siderably greater  than  has  been  stated  by  De  Luc.  By  the 
common  mercurial  thermometer,  we  cannot  ascertain  the  true 
rate  of  expansion  in  quicksilver;  for  it  must  be  obvious  that 
the  enlarged  capacity  of  the  glass  ball,  in  which  it  is  contain* 
cd,  must  considerably  affect  the  result.  If  the  capacity  of  the 
ball  remained  unaltered,  we  should  then  be  able  to  determine 
the  actual  rate  of  expansion  ;  but  by  an  increase  of  tempera- 
lure  its  capacity  is  enlarged,  and  space  is  thus  found,  within 
tlie  ball,  for  the  expansion  of  that  mercury,  which  would  otherr 
wise  be  driven  into  the  tube.  By  knowing  the  rate  of  expan- 
sion in  glass  itself,  we  can  correct  this  error :  but  a  small 
mistake  in  this  datum  will  lead  us  considerably  wrong  as  to 
the  true  expansion  of  quicksilver.  The  real  expansion  of 
mercury  in  glass  is  greater  than  the  apparent^ .  by  the  expan- 
sion of  the  glass  itself. 

Making  due  correction  for  this  circumstance,  Mr.  Dalton 
has  been  led  to  conclude  from  his  experiments,  that  notwith- 
standing the  apparent  diversities  of  expansion  in  different 
fluids,  they  all  actually  expand  according  to  the  same  law ; 
vh.  that  the  quantity  of  expansion  is  as  the  square  of  the  tern- 
perature  jrom  their  respective  freezing  points^  or  from  their 
points  of  greatest  density.  If  then  a  thermometer  be  con- 
structed, with  degrees  corresponding  to  this  law,  they  will  be 
found  to  differ  very  considerably  from  those  of  the  common 
mercurial  thermometer,  in  which  the  space  between  freezing 


•  Sec  Crawford  on  Animal  Heat,  p.  95,  &c. 
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and  boiling  is  divided  into  180  equal  parts.  In  the  Appendix 
will  be  found  a  table  showing  the  correspondence  between 
the  old  scale  and  the  new  one  constructed  on  Mr.  Dalton*s 
principle. 

The  view  which  has  been  taken  by  Mr.  Dalton  of  the  ther- 
mometer, has  drawn  the  attention  of  Dr.  Ure,*  and  of  M.  M. 
Petit  and  Dulong,t  to  the  same  subject.  The  former  con- 
dudes  from  his  experiments,  that  taking  three  thermometric 
intervals  from  82^  Faht  upwards,  each  of  180**,  mercury 
has  actually  an  increasing  rate  of  expansion,  and  that  60  parts 
at  572^  are  expanded  as  much  by  the  same  power  of  caloric^ 
as  61  parts  at  S92^,  and  62  parts  at  212^.  But  this  small 
difference,  he  observes,  is  compensated  by  the  lessening  quan- 
tity of  quicksilver  in  the  bulb  of  a  thermometer  at  high  tem- 
peratures, in  consequence  of  which  the  mercurial  thermometer 
becomes  a  true  measurer  of  sensible  heat.  Petit  and  Dulong^ 
also,  satisfied  themselves  that  the  expansibility  of  mercury 
slowly  increases  as  the  temperature  augments.  From  32^  to 
212^,  it  is  scarcely  appreciable,  and  corresponds  with  the 
expansion  of  air,  which  they  take  for  granted  to  be  perfectly 
equable.  The  following  Table  exhibits  the  dilatation  of  mer- 
cury for  a  degree  centigrade  at  the  various  temperatures  (all 
centigradel)  indicated  in  the  first  column  of  the  table,  and 
measured  by  an  air  thermometer. 

Teinperature*  Expansion  of  Temp,  indicated 

Mercury.  by  the  dilatations 

of  the  mercury  sup- 
posed  uniform. 

0° 0  0.00 

100 TTsW  100.00 

«00 -^^^y  204.61 

300   ^^7  S14.15 

Comparing  the  numbers  in  the  first  and  last  columns,  it 


*  Phil.  Trans.  1818.  f  Annals  of  Philos.  vol.  xiii. 

}  To  convert  centigrade  degrees  into  those  of  Fahr.  double  them,  then 
deduct  one  tenth,  and  add  the  constant  number  32.  Tlius  18^  centigrade 
X  s  »  36,  from  which  itt  subtracted  leaves  32.4^  and  to  this  additig  3S>  we 
hare  64.4,  Fabr. 
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appears  tlmt  up  to  lf>0°,  the  mercurial  and  ah-  lliei'moiaetcrs 
give  the  same  indications;  in  the  second  interval,  tlie  excess 
of  the  ibrmerover  the  latter  is  4.61°,  and  iu  the  last  intei-val 
it  increases  to  li,l5°. 

The  boiUoff  point  of  mercury,  according  to  these  philoso- 
phers, is  680°  Falir,  or,  nuking  the  due  correction  for  the 
expansion  of  glass,  662°  of  Fahr.  scale.  The  experimental 
result  of  Mr,  Ci-ighton  of  Glasgow,  was  656°. 

IV.  Uncomhhied  caloric  has  a  iendency  to  an  equilibrium.^- 
Any  iiunibei-  of  ilifferent  bodies  nt  various  temperatures,  if 
placed  under  similar  circnmstanccs  of  exposure,  all  acquire  a 
common  temperature.  Thus,  if  in  an  atmosphere  at  60°,  we 
phice  iron  filings  heated  to  redness,  boiling  water,  water  nt 
S2°,  and  various  other  bodies  of  different  temperatures,  they 
will  «oon  affect  the  thermometer  in  the  same  degree.  The 
nune  equal  im  I  ion  of  temperature  is  attained,  though  less 
(jtiickly,  when  a  heated  body  Is  placed  in  the  vacuum  of  an 
air-puaip.  The  rate  of  cooling  in  air  is  to  that  in  vacuo,  the 
ten) jierat urea  being  equal,  nearly  as  five  to  two. 

II,  Motion  of  Free  Caloric. — 1.  Us  Radialtoii. — 2.  Its  Passage 
(hrougk  Solids  and  Fluids. 

Cahric  escapes  from  bodies  in  two  different  modej. — Part  o( 
it  finds  its  way  through  spoce,  independently  of  other  matter, 
and  witli  immeasurable  velocity.  In  this  state  it  has  been 
culled  radiant  heat,  or  radiant  caloric. 

Radiant  caloric  exhibits  several  interesting  properties. 

1.  Us  rejiection.  (o)  Those  surfaces,  that  reflect  light  most 
perfectly,  are  not  equally  adapted  to  the  reflection  of  caloric. 
TbiM,  a  glass  mirror,  which  reflecU  light  with  great  elTcct 
vrb«D  held  before  a  blazing  fire,  scarcely  returns  any  heat,  nod 
the  mirror  itwif  becomes  warm.  On  the  contrary,  a.  polished 
plate  of  tin,  or  a  silver  spoon,  when  similarly  placed,  reflects, 
to  tlie  hand,  a  very  sensible  degree  of  warmth  ;  and  the  metal 
itself  remains  cool.  Metals,  therefore,  are  much  belter  re- 
Sectors  of  caloric  than  glass;  and  they  possess  this  property, 
exactly  according  to  their  degree  of  polish, 

{L)  Caloric  is  reflected  according  to  the  same  law  that  re- 
gulates the  reflection  of  li^ht.     This  is  proved  by  bii  interest- 
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ing  experiment  of  M.  Pictct;  the  means  of  repeating  which 
may  be  attained  at  a  moderate  expense.  Provide  two  reflec- 
tors of  planished  tin  (a  and  b^  fig.  45),  which  may  be  12  inches 
diameter,  and  segments  of  a  spliere  of  nine  inches  radius. 
Parabolic  mirrors  are  still  better  adapted  to  the  purpose ;  but 
their  construction  is  less  easy.  Each  of  these  must  be  fur- 
nished, on  its  convex  side,  with  the  means  of  supporting  it  in 
a  perpendicular  position  on  a  proper  stand.  Place  the 
^irrors  opposite  to  each  other  on  a  table,  at  the  distance 
of  from  six  to  12  feet.  Or  they  may  be  placed  in  a  ho- 
rizontal position,  as  represented  in  the  wood  cut  given  at 
page  83,  an  arrangement  in  some  respects  more  conTcnient. 
In  the  focus  of  one,  let  the  ball  of  an  air  thermometer,  c,  or 
(which  is  still  better)  one  of  the  balls  of  a  differential  ther- 
mometer, be  situated;  and  in  that  of  the  other,  suspend  a 
ball  of  iron,  about  four  ounces  in  weight,  and  heated  below 
ignition,  or  a  small  matrass  of  hot  water,  d  ;  having  previously 
interposed  a  screen  before  the  thermometer.  Immediately  oir 
withdrawing  the  screen,  the  depression  of  the  column  of 
liquid,  in  the  air  thermometer,  evinces  an  increase  of  tern** 
perature  in  the  instrument.  In  this  experiment,  the  caloric 
flows  first  from  the  heated  ball  to  the  nearest  reflector ;  from 
this  it  Is  transmitted,  in  parallel  rays,  to  the  surface  of  the 
second  reflector,  by  which  it  is  collected  into  a^focus  on  the 
instrument.  This  is  precisely  the  course  that  is  followed  by 
radiant  light;  for  if  the  flame  of  a  taper  be  substituted  for  the 
iron  ball,  the  image  of  the  candle  will  appear  precisely  on  thai 
spot  (a  sheet  of  paper  being  presented  for  its  reception)  where 
the  rays  of  caloric  were  before  concentrated. 

(c)  When  a  glass  vessel,  filled  with  ice  or  snow,  is  substi- 
tuted for  the  heated  ball,  the  course  of  the  coloured  liquid  in 
the  thermometer  will  be  precisely  in  the  op)X)sIte  direction; 
for  its  ascent  will  show,  that  the  air  in  the  ball  is  cooled  by  this 
arrangement.  This  experiment,  which  appears,  at  first  view, 
to  indicate  the  reflection  of  cold,  presents,  in  fact,  only  the 
inflection  of  heat  in  an  opposite  direction ;  the  ball  of  the 
thermometer  being,  in  this  instance,  the  hotter  body.  "  And 
UQce  heat  emanates  from  bodies  in  quantities  greater  as  their 
tanperatore  is  higher,  the  introduction  of  a  cold  body  into 


flCr.ll.  RADIANT  CALORIC.  103 

iebas  of  one  mirror,  necessarily  diminishes  the  tempera- 
iRofa  thermometer  in  the  focus  of  the  other,  in  the  same 
— inir  as  a  black  body  placed  in  the  focus  of  the  one  would 
dUnish  the  quantity  of  light  in  the  focus  of  the  other."  * 

(i)  In  Mr.  Leslie's  "  Enquiry  into  the  Nature,  &c  of 
Hat,"  8  variety  of  important  experiments  are  detailed,  ^hich 
Aaw  the  influence  of  covering  the  reflectors  with  various  sub- 
fltunes,  or  of  mechanically  changing  the  nature  of  their  sur- 
kes,  on  their  power  of  returning  caloric. 

J.  Caloric  is  refracted^  also,  according  to  the  same  law  that 
Rgnlaies  the  refraction  of  light.  This  interesting  discovery 
ve  owe  to  Dr.  Herschell,  whose  experiments  and  apparatus, 
ksvever,  cannot  be  understood  without  the  assistance  of  a 
phte.  For  this  reason,  I  refer  to  his  paper  in  the  90th  vol. 
of  the  Philosophical  Transactions,  or  in  the  7th  vol.  of  the 
PUosopIiical  Magnzino. 

3.  The  nature  of  the  surface  of  bodies  has  an  important  in- 
laenec  over  their  power  of  radiatmg  caloric. 

To  exhibit  this  influence  experimentally,  let  a  canister  of 
planished  block  tin,  forming  a  cube  of  six  or  eight  inches,  be 
prerided,   having  an  orifice  at  the  middle  of  its  upper  side, 
in-m  half  an  inch  to  an  inch  diameter,  and  the  same  in  height. 
This  orifice  is  intended  to  receive  a  cap  having  a  small  hole, 
through  which  a  thermometer  is  inserted,  so  that  its  bulb  may 
reach  the  centre  of  the  canister.     Let  one  side  of  the  canister 
he  covered  with  black  paint;  destroy  the  polish  of  another 
ride,  by  scratching  it  with  sand-paper;  tarnish  a  third  with 
quicksilver;  and  leave  the  fourth  bright.     Then  iill  the  vessel 
with  boiling  water.     The  radiation  of  caloric  from  the  black- 
ened side  is  so  much  more  abundant  than  from  the  others,  as 
to  be  even  sensible  to  the  hand.     Place  it  before  a  reflector 
(fig.  45),  in  lieu  of  the  heated  iron  ball  already  described. 
The  thermometer,  in  the  focus  of  the  second  reflector,  will 
indicate  the  highest  temperature,  or  most  copious  radiation  of 
caloric,  when  the  blackened  side  is  presented  to  the  reflector; 
less  when  the  tarnished  or  scratched  side  is  turned  towards  it; 
and  least  of  all  from  the  polished  side. 


*  Davy's  Chem.  Phllos.  p.  '206. 
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These  varieties  in  the  radiating  power  of  different  surfiioiiy^ 
are  attended,  as  might  be  expected,  with  corresponding  VH^ 
riations  in  the  raU  of  cooling.  If  water  in  a  tin  vessel,  all  ^ 
whose  sides  are  polished,  cools  through  a  given  number  of  df^ii 
grees  in  cighty«one  minutes,  it  will  descend  through  the  supalii 
number  in  seventy-two  minutes,  if  the  surface  be  tarnisbe^ 
with  quicksilver.  Water,  also,  enclosed  in  a  clean  and  po^si 
lislied  tin  ball,  cools  about  twice  more  slowly  than  water  i^ 
the  same  ball  covered  with  oiled  paper.  Blackening  the  siw^a 
face  with  paint,  or  even  a  thin  coat  of  varnish,  on  the  saiiMit 
principle,  accelerates  greatly  the  rate  of  cooling.  These  fiictf^i 
teach  us,  that  vessels,  in  which  fluids  are  to  be  long  kept  hqll^ 
should  have  their  surfaces  brightly  polished ;  and  they  eZTf] 
plain  among  other  things,  the  superiority  of  metallic  tea-poli»^i 
over  those  of  earthen  ware. 

5.  Radiant  caloric  is  absorbed  with  diflerent  facility  by  dif< 
ferent  surfaces.  This  is  only  stating,  in  other  terms,  that  sur- 
faces are  endowed  with  various  powers  of  reflecting  calorici' 
since  the  power  of  absorbing  caloric  is  precisely  opposite  to 
that  of  reflecting  it.  Hence  the  best  reflectors  of  heat  will 
absorb  the  least.  It  may  be  proper,  however,  to  ofler  some 
illustrations  of  the  principle  under  this  form.  . 

(a)  Expose  the  bulb  of  a  sensible  thermometer  to  the  direct 
rays  of  the  sun.  On  a  hot  summer's  day  it  will  probably  riae^ 
in  this  climate,  to  lOS^.''^  Cover  it  with  Indian  ink,  and 
again  expose  it  in  a  similar  manner.  During  tlie  evapon^* 
tionofthc  moisture  it  will  fall;  but  as  soon  as  the  coating 
becomes  dry,  it  will  ascend  to  118°,  or  upwards,  of  Fahrenheit^ 
or  10°  higher  than  when  uncovered  with  the  pigment.  This 
cannot  be  explained,  by  supposing  that  the  black  coating  is 
gifled  with  the  power  of  retaining  caloric,  and  preventing  its 
esca{ie;  because  from  experiments  already  related,  it  appears, 
that  a  similar  coating  accelerates  the  cooling  of  a  body  to  which 
it  is  applied. 

{b)  Colour  has  considerable  influence  over  the  absorption 
of  caloric.  This  is  shown  by  the  following  very  simple  expe- 
riment of  Dr.  Franklin. 


^  W«t«oo*s  Essays,  r.  193. 
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(k  a  wiuler's  cloy  when  tlie  ground  is  covered  wlili  snow, 

tie  ixir  pieces  of  woollen  cloth,  of  equal  dimensions  bui  of 

ttmC  colcmrs,  viz.  black,  blue,  brown,  and  while,  and  lay 

ioiM  the  sorface  of  the  snow,  in  the  immediate  neif^bour- 

W  of  each  other.     In  a  few  hours,  tlie  black  cloth  will  have 

■keooftiderably  below  the  surface ;  the  blue  almost  as  much ; 

Itbrovn  evidently  less;  and  the  white  will  remain  precisely 

■ib  fiuiner  situation.     Thus  it  appears,  that  the  sun's  rays 

iislMDrbed  by  the  dark  coloured  clotli,  and  excite  such  a 

inble  heat,  as  to  melt  the  snow  underneath ;  but  they  have 

■I  tlie  power   of  penetrating  the  white.     Hence  theprefer* 

■■^generally  given  to  dark  coloured  cloths  during  the  win- 

IVMsson,  and  to  light  coloured  ones  in  summer,  appears  to 

bfaiuided  on  reason. 

(r)  This  experiment  has  been  varied  by  Sir  H.  Davy,  in  a 

MDoer  which   may  be  repeated  at  any  season  of  the  year. 

Ue  six.  similar  pieces  of  sheet  copper,  each  about  an  inch 

ipue^and  colour  the  one  white,  another  yellow,  a  tliird  red, 

ihefimrth  green,  the  fifth  blue,  and  the  sixth  black.     On  the 

oatre  €>f  one  side  of  each  piece,  put  a  small  portion  of  a  mix* 

tire  of  oil    and  wax,  or  cerate,  which  melts  at  about  76^. 

Hkm  expose  their  coloured  surfaces,  under  precisely  equal 

droimstances,  to  the  direct  rays  of  the  sun.     The  cerate  on 

Ike  black  plate  will  begin  to  melt  perceptibly  before  the  red  ; 

dttUue  next;  then  the  green  and  the  red;  and,  lastly,  the 

jdbv.     The  white  will  scarcely  be  affected,  when  the  black 

B  in  complete  fusion. 

Caloric  posses,  also,  but  much  more  slowly,  through  solid 
and  liquid  bodies,  which  are  then  termed  conductors  of 

cak)ric. 

1.  Solid  bodies  convey  heat  in  all  directions,  upwards, 
downwards,  and  laterally ;  as  may  be  shown,  by  heating  the 
middle  of  an  iron  rod,  and  holding  it  in  different  directions. 

2.  Some  bodies  conduct  caloric  much  more  quickly  than 
odiers.  Ck>at  two  rods,  of  equal  length  and  thickness,  the 
one  of  glass,  the  other  of  iron,  with  wax,  at  one  end  of  each 
ooly;  and  then  apply  heat  to  the  uncoated  ends.  ^Fhe  wax 
will  be  melted  vastly  sooner  from  the  end  of  the  iron  rody  than 
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from  the  glass  one;  which  shows,  that  iron  conducts  heat 
more  quickly  than  glass. 

Even  the  diiFereut  metals  possess  very  different  powers  of 
conducting  caloric  An  approximation  to  the  degree  in  which 
ihey  possess  this  property,  may  be  attained  by  the  following 
method,  originally  employed  by  Dr.  Ingenhouz.  Procure  se- 
veral solid  cylinders,  or  roils,  of  the  same  size  and  shape,  but 
of  different  metals.  They  may  be  six  inches  long,  and  one 
4tli  of  an  inch  in  diameter.  Coat  them,  within  about  an  inch 
of  one  end,  with  bees -wax,  by  dipping  them  into  this  sub- 
stance when  melted,  and  allowing  the  covering  to  congeal* 
Let  an  iron  heater  be  provided,  in  which  small  holes  have 
been  drilled,  that  exactly  receive  the  clean  ends  of  the  cylin* 
ders.  After  heating  it  below  ignition,  insei*t  the  cylinders  in 
their  places.  The  conducting  power  may  be  estimated  by  the 
length  of  wax  coating  melted  from  each  in  a  given  time.  Ac- 
cording to  the  experiments  of  Dr.  Ingenhouz,  the  metals  may 
be  arranged  in  the  following  order :  Silver  possesses  the  high- 
est cond ucting power ;  next  gold  ;  then  copper  and  tin,  which 
are  nearly  equal ;  and,  below  those  platina,  iron,  steel,  and 
lead,  which  are  greatly  inferior  to  tlie  rest. 

It  is  chiefly  owing  to  the  different  conducting  powers  of 
bodies,  that  they  affect  us,  when  we  touch  them,  with  different 
sensations  of  cold.  Thus,  if  we  apply  the  hand  in  succession 
to  a  number  of  bodies  (as  a  piece  of  wood,  another  of  marble^ 
&c.)9  they  appear  cold  in  very  different  degrees.  And  as  this 
sensation  is  occasioned  by  the  passage  of  caloric  out  of  the 
hand  into  the  body  which  it  touches,  that  body  will  feel  the 
coldest,  which  carries  away  heat  the  most  quickly;  or  which, 
in  other  words,  is  the  best  conductor.  For  the  same  reason, 
of  two  bodies  which  are  heated  to  the  same  degree,  and  both 
considerably  above  the  hand,  the  best  conductor  is  the  hottest 
to  the  touch.  Thus  the  money  in  our  pockets  often  feels  hotter 
than  the  clothes  which  contain  it. 

d.  Liquid  and  aeriform  bodies  convey  heat  on  a  different 
principle  from  that  observed  in  solids,  viz.  by  an  actual  change 
in  the  situation  of  their  particles.  That  portion  of  the  fluid, 
which  is  nearest  to  the  source  of  heat,  is  expanded,  and  bo- 
coming  specifically  lighter,  ascends,  and   is  replaced  by  a 
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oiler  portion  from  above.  This,  in  its  turn,  becomes  heated 
ad  fitted,  and  gives  way  to  a  second  colder  portion ;  and 
!■  the  process  goes  on,  as  lung  as  the  fluid  is  capable  oF  im- 
ingheaL 

(a)  Take  a  gloss  tube,  eight  or  ten  inches  long,  find  about 
■  inch  in  diameter.  Pour  into  the  bottom  part,  for  about  the 
kfHk  of  an  inch,  a  little  water  tinged  with  litmus,  and  then 
flop  the  tube  with  common  watcr^  ))ouring  on  the  latter  ex- 
ieoKlj  gently,  so  as  to  keep  the  two  strata  quite  distinct.  If 
ieiqsper  pact  of  the  tube  be  first  heated,  the  coloured  liquor 
i]  remain  at  the  bottom;  but  if  the  tube  be  afterwards  heated 
t  die  bottom,  the  infusion  will  ascend,  and  will  tinge  the 
■Ue  mass  of  fluid. 

[l)  Into  a  cylindrical  glass  jar,  four  inches  diameter,  and 
If  or  14  deep,  let  a  circular  piece  of  ice  be  fitted  8^  inches 
tUck,  and  of  rather  less  diameter  than  the  jar.  Or  water  may 
k  poured  into  the  jar  to  the  depth  of  S-}  inches,  and  allowed 
to  congeal  by  exposure  to  a  freezing  atmosphere,  or  by  sur- 
mviding  it  with  a  mixture  of  snow  and  salt.  The  ice  is  to 
be  Kcnred  in  its  place  by  two  slips  of  wood,  croesing  each 
other  like  two  diameters  of  a  circle,  set  at  right  angles  to  each 
oiber.  Pour,  over  the  cake  of  ice,  water  of  32°  temperature, 
to  the  depth  of  two  inches ;  and  on  its  surface  let  there  float  a 
dnllow  circular  wooden  box,  perforated  with  holes.  From 
the  cock  of  a  tea-urn,  filled  with  boiling  water,  and  raised  so 
that  its  spout  may  be  above  the  top  of  thejnr,  suspend  a  num- 
ber of  moistened  threads,  the  lower  ends  of  which  must  rest 
CD  the  surface  of  the  box.  By  this  arrangement,  when  the 
cock  is  turned,  the  hot  water  will  trickle  down  the  threads, 
and  will  have  its  fall  considerably  broken.  It  will  then  spread 
over  the  surface  of  the  box,  and  pass  through  the  perforated 
holes  to  the  cold  water  beneath,  over  which  it  will  float  with- 
out mixing  with  it.  Let  the  jar  be  thus  completely  filled  with 
hot  water.  The  ice  will  remain  unmelted  for  several  hours  at 
the  bottom  of  the  vessel. 

(c)  Fill  a  similar  jar  with  hot  water;  and,  having  provided 
a  cake  of  ice,  of  equal  size  with  the  former  one,  let  it  be  placed 
on  the  surface  of  the  water.  In  about  three  minutes,  the 
whole  will   be  melted.     Both  these  experiments  are  more 
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Striking,  if  the  water,  used  for  forming  the  cakes  of  icet  be 
previously  coloured  with  litmus;  for,  in  the  latter  experi- 
ment, the  descending  currents  of  cold  water  are  thus  made 
apparent. 

{d)  These  experiments  may  be  varied,  by  freezing,  in  the 
bottom  of  a  tube  one  inch  wide^  a  portion  of  water,  about  two 
inphes  in  depth*  Then  fill  the  tube  with  water  of  -the  com* 
mon  temperature,  and  hold  it  inclined  over  an  Argand's  lamp, 
so  that  the  upper  portion  only  of  the  tube  may  be  heated. 
When  thus  disposed,  the  water  may  be  made  to  boil  violently 
at  the  surface,  and  yet  the  ice  will  not  be  melted.  But  if  the 
experiment  be  reversed,  and  (the  ice  floating  on  the  surface) 
heat  be  applied  to  the  bottom  of  the  tube,  the  ice  will  be  li* 
quefied  in  a  few  seconds. 

(e)  Substituting  water  of  the  temperature  of  4 1^  for  the  boil- 
ing water  used  in  experiment  (c).  Count  Rumford  found,  that, 
in  a  given  time,  a  much  greater  quantity  of  ice  was  melted 
by  the  cooler  water.  This  appears,  on  first  view,  rather  pa- 
radoxical. The  fact,  however,  is  explained  by  a  remarludile 
property  of  water,  viz.  that  when  cooled  below  40°  it  ceases 
to  contract,  and  experiences,  on  the  contrary,  an  enlargement 
of  bulk.  Water,  therefore,  at  40°  (at  the  bottom  of  which  is 
a  mass  of  ice  at  32°),  is  cooled  by  contact  with  the  ice,  and 
is  expanded  at  the  same  moment.  It  therefore  ascends,  and 
is  replaced  by  a  heavier  and  warmer  portion  from  above. 

It  is  in  consequence  of  the  same  property  that  the  sur&ce 
of  a  deep  lake  is  sometimes  covered  with  ice,  even  when  the 
water  below  is  only  cooled  to  40° ;  for  the  superficial  water  is 
specifically  lighter  than  the  warmer  water  beneath  it,  and  re- 
tains its  place,  till  it  is  changed  into  ice.  This  property  of 
water  is  one  of  the  most  remarkable  exceptions  to  the  law, 
that  bodies  are  expanded  by  an  increase,  and  contracted  by 
a  diminution,  of  temperature. 

From  these  facts,  Count  Rumford  concluded,  that  water  is 
a  perfect  non-conductor  of  caloric,  and  that  it  propagates  ca- 
loric in  one  direction  only,  viz.  upwards,  in  consequence  of  the 
motions  which  it  occasions  among  the  particles  of  the  fluid. 
The  Count  inferred  also,  tliat  if  these  motions  could  be  sus- 
pended^ caloric  would  cease  to  pass  through  water ;  and,  with 
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Aeriew  of  decidini;  this  question,  lie  made  the  followinpr  cx- 
peimeiits,  which  admit  of  being  easily  repealed.  A  eylin- 
ikical  tin  vessel  must  previously  be  provided,  two  inches  in 
inwter,  and  2^^  inches  deep,  having  a  moveable  cover,  per- 
fcnted  with  a  small  aperture,  for  transmitting  the  stem  of  a 
tkomomcter,  which  is  to  be  inscrteil  so  that  its  bulb  may  oc- 
cipjr  the  centre  of  the  vessel. 

(/)  Fill  this  Tcssel  with  water  of  the  temperature  of  the 
AMsphere ;  let  the  cover  Xye  put  in  its  place ;  and  let  the  whole 
qMratus,  except  the  scole  of  the  thermometer,  be  immersed 
ii  water,  which  is  to  be  kept  boiling  over  a  lamp.  Observe 
bv  kmg  a  time  is  required  to  raise  the  water  from  its  tem« 
pentnre  at  the  outset  to  180^,  and  remove  it  from  its  situa^ 
tton.  Note,  also,  how  long  it  takes  to  return  to  its  former 
mperature. 

(;)  Repeat  the  experiment,  having  previously  dissolved  in 
tks  water  200  grains  of  common  starch.  Tlic  thermometer 
wSL  now  require  about  half  as  long  again  to  arrive  at  the  same 
tcnperature.  A  similar  retardation,  and  to  a  greater  amount, 
m  piXMlnced  by  the  miature  of  eider-down,  cotton-wool,  and 
other  substances,  which  are  not  chemically  soluble  in 
and  which  can  diminish  its  conducting  power  in  no 
other  way  than  by  obstructing  the  motion  of  its  particles. 

This  inference,  however,  respecting  the  complete  non-con* 
dueling  power  of  water,  has  been  set  aside  by  the  subsequent 
inquiries  of  Dr.  Thomson  and  Dr.  Murray,  especially  by  a 
most  decisive  experiment  of  the  latter.  To  establish  the  con- 
docting  power  of  water,  it  was  justly  deemed  indispensable, 
that  caloric  should  be  proved  to  be  propagated  through  that 
flaid  downwards.  This,  on  actual  trial,  it  appeared  to  be ; 
but  it  was  objected,  that  the  sides  of  the  containing  vessel 
might  lie  the  conductor.  To  obviate  this  objection.  Dr. 
Murray  contrived  to  congeal  water  into  the  form  of  a  jar,  ca- 
pable of  holding  liquids.  This  was  separately  filled  with  lin- 
seed oil  and  with  mercury.  At  a  proper  distance  below  the 
surface,  the  bulb  of  a  thermometer  was  placed ;  and  on  the 
surface  of  the  liquid  rested  a  flat  iron  vessel,  containing  boil- 
ing water.  Under  these  circumstances,  the  thermometer  in- 
variably rose ;  and  though  it  ascended  only  a  very  few  de- 
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greesy  yet  it  must  be  recollected,  that  the  cooIiDg  power  of  the 
sides  of  the  vessel  would  effectually  prevent  any  considerable 
elevation  of  temperature.  This  experiment,  in  conjunctioo 
with  others,  decisively  proves  that  water  is  a  conductori 
though  a  slow  or  imperfect  one,  of  caloric. 


SECTION  III- 

Caloric  the  Came  of  Liquidily. 

Almost  every  solid  is  capable  of  passing  to  the  fluid  state  on 
the  application  of  a  sufficient  degree  of  heat,  which  is  not  the 
same  for  all  solids,  but  differs  for  each.  In  many  solids  the 
transition  to  the  liquid  form  is  sudden,  while  others  pass 
through  various  stages  of  liquidity,  before  they  become  com- 
pletely fluid.  The  metals  are  examples  of  the  first,  and  wax 
or  tallow  of  the  second  kind  of  liquefaction.  In  the  former 
it  is  more  easy  to  determine  what  has  been  called  the  Jksmg 
or  melting  pointy  which  is  constant  in  the  same  solid.  When 
the  natural  form  of  a  body  is  that  of  a  liquid,  and  it  only 
occasionally  assumes  the  solid  form,  we  call  the  temperature 
at  which  it  is  solidified  the  freezing  or  congealing  point  ;  and 
this  is  also  constant  in  the  same  liquid,  but  different  in  va- 
rious liquids,  as  will  more  clearly  appear  from  the  following 
examples. 

I.  The  temperature  of  meUing  snowt  or  of  thawing  iccj  is 
uniformly  the  same  at  all  times,  and  in  all  places, — This  may 
be  ascertained  by  the  thermometer,  which  will  always,  when 
immersed  in  liquefying  ice  or  snow,  point  to  32°  of  Fahren- 
heit, whatsoever  may  be  the  height  of  the  barometer,  or  the 
elevation,  above  the  sea,  of  the  place  where  the  experiment 
is  made.* 

II.  The  sensible  heat,  or  temperature  of  ice,  is  not  changed  by 
liquefaction. — A  thermometer  in  pounded  ice  stands  at  S2®, 
and  at  the  very  same  point  in  the  water  which  results  from 
the  liquefaction  of  ice. 
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'^m  HI  K^  ice,  during  liquefaction^  must  absorb  muck  caloric. 

^llfOKapoaod  of  water  at  32^,  and  a  pound  of  ice  at  32^,  in 
^u  UHii  the  temperature  of  which  is  several  degrees  above  the 
^1  btmg  point,  and  uniformly  the  same  during  the  experi- 
M.  Tbe  water  will  arrive  at  the  temperature  of  the  rooni^ 
mai  bours  before  the  ice  is  melted ;  and  the  ice,  when  first 
■ekd,  will  have,  as  before  its  liquefaction,  the  temperature 
dSf,  Yet  the  ice  must,  during  the  whole  of  this  time, 
be  been  imbibing  caloric,  because  (according  to  Experi- 
■otlV.  §  2.)  a  colder,  body  can  never  be  in  contact  with  a 
wner  one,  without  receiving  caloric  from  it.  The  caloric, 
ABcibre^  which  has  entered  the  ice,  but  is  not  to  be  found  in 
k\fAe  thermometer,  is  said  to  have  become  latent.  As  it  is 
tk  nose  of  the  liquefaction  of  tlic  ice,  it  is  sometimes  called 
Mcoffiuidily. 

IV,  The  quantity  of  caloric  that  enters  into  a  potmd  of  icc^ 

edhecomes  latent^  d taring  Uqvcfaction,  may  be  learned  by  ex- 

Wflrf.— To  a  pound  of  water,  at  172°,  add  a  pound  of  ice 

MJS^.    The  temperature  will  not  be  the  arithmetical  mean 

(W),  but  much  below  it,  viz,  82°.     All  the  excess  of  caloric 

Ethe  hot  water  has  therefore  disappeared.     From  172°  take 

8°;  the  remainder,  140°,  shows  the  quantity  of  caloric  that 

onen  into  a  pound  of  ice  during  liquefaction ;  that  is,  as 

udi  caloric  is  absorbed  by  a  pound  of  ice,  during  its  con- 

tnion  into  water^  us  would  raise  a  pound  of  water  from  32'^ 

0172°. 

It  is  from  the  property  of  its  uniformly  absorbing  the  same 
nntity  of  caloric  for  conversion  into  water,  that  ice  has  been 
y^eniously  applied,  by  Lavoisier  and  Laplace,  to  the  admca- 
irement  of  the  heat,  evolved  in  certain  operations.  Let  us 
ppose  the  body  (from  which  the  caloric,  evolved  cither  by 
nplc  cooling  or  combustion,  is  to  be  measured)  to  be  inclosed 
a  hollow  sphere  of  ice,  with  an  opening  at  the  bottom. 
^ben  thus  placed,  the  heat  which  is  given  out  will  be  nil 
iployed  in  melting  the  ice;  and  will  produce  this  effect  in 
rect  proportion  to  its  quantity.  Hence  the  quantity  of  ice, 
3fch  is  converted  into  water,  will  be  an  accurate  measure  of 
e  caloric,  that  is  separated  from  the  body  submitted  to  ex- 
riment.     In  this   way,   Lavoisier  ascertained   that  equal 
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weights  of  (lifflTcnt  combustible  bodies  melt,  by  burnings  very 
different  weiglils  of  ice.  The  apparatus  wiiich  he  employctl 
for  this  purpose,  he  has  called  the  calorimeler.  Its  constrtKS 
tion  can  scarcely  be  understood  without  the  plate,  which  ac» 
companies  the  (Jescripiion  in  his  "  Elements  of  Chemistry;  •• 
and  I  consider  it  unnecessary  to  copy  it  into  this  work)  be- 
cause the  instrument  is  liable  to  several  causes  of  inaccuracy. 

V.  The  heat  rendered  latent  hj  the  fusion  of  various  bodies  k 
vot  a  constant  quantity,  but  varies  for  each  individual  bothf* 
This  is  shown  by  the  following  results  of  the  experiments  of 
the  two  Drs.  Irvine. 

Caloric  of  Do.  reduced  to  the 

fluidity.  8p»  heat  of  water. 

Sulphur 143.68°  Fahr 27.U 

Spermaceti .  • . .  •  145 

Lead 162   5.6 

Bees-wax 175 

Zinc 493    48.3 

Tin 500   33. 

Bismuth 550    23.25 

VI.  Other  examples  of  the  absorption  of  caloric^  during  the 
liquefaction  of  bodies^  arc  ftirnished  by  the  mixture  of  aoow 
and  nitric  acid,  or  of  snow  and  common  salt,  both  of  which) 
in  common  language,  produce  intense  cold. 

1 .  Dilute  a  portion  of  nitric  acid  with  an  equal  weight  of 
water :  and,  when  the  mixture  has  cooled,  add  to  it  a  quan- 
tity of  light  fresh- fallen  snow.  On  immersing  the  thermo- 
meter in  the  mixture,  a  very  considerable  reduction  of  tem- 
perature will  be  observed.  This  is  owing  to  the  absorption, 
and  intimate  fixation,  of  the  free  caloric  of  the  mixture,  by 
the  liquefying  snow. 

2.  Mix  quickly  together  equal  weights  of  fresh-fallen  snow 
at  32°,  and  of  common  salt  cooled,  by  exposure  to  a  freezing 
atmosphere,  down  to  32^  The  two  solid  bodies,  on  admix- 
ture, will  rapidly  liquefy ;  and  the  thermometer  will  sink  32®, 
or  to  0;  or,  according  to  Sir  C.  Blagden,  to  4°  lower.*  To 
understand  this  experiment,  it  must  be  recollected,  that  the 

*  Philosophical  Transactions,  Ixxviii.  281. 
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ndiilti  though  at  the  A-eczing  temperature  of  water, 
mA  a  considerable  portion   of  uncombined  caloric, 
nkhas  a  strong  ai&nity  for  water ;  but  the  union  cannot 
wbfle  the  water  continues  solid.     In  order,  there* 
to  act  on  the  salt,  the  snow  absorbs  all  the  fret  caloric 
ibr  its  liquebction ;  and  during  this  change,  the  free 
both  of  the  snow  and  of  the  salt,  amounting  to  S9?f 
latent,  and  is  concealed  in  the  solution.    This  solu- 
iMli  icnaias  b  a  liquid  state  at  0,  or  4°  below  0  of  Fahrenr 
"t|  bat  if  a  greater  degree  of  cold  be  applied  to  it,  the  salt 

in  a  concrete  form. 

1  Most  neotral  salts,  also,  during  solution  in  water  absorb 

edorie;  and  the  cold,  thus  generated,  is  so  intense  as 

l^htm  water,  and  even  to  congeal  mercury.    The  former 

■fcrinifnt,  however  {vix,   the  congelation  of  water),  may 

■%  be  repeated  on  a  summer's  day.     Add  to  32  drachms 

'■Mar,  11  drachms  of  muriate  of  ammonia,  10  of  nitrate 

'potash,  and  16  of  sulphate  of  soda,  all  finely  powdered. 

Atnhi  may  be  dissolved  separately,  in  the  order  set  down. 

i  tvBiometer,  put  into  the  solution,  will  show,  that  the 

^produced  is  at  or  below  freezing;  and  a  little  water,  in 

'Abglafs  tube,  being  immersed  in  the  solution,  will  be 

*Min  a  few  minutes.     Various  other  freezing  mixtures  are 

■Kiibed  in  Mr.  Walker's  papers  in  the  Philosophical  Trans- 

^Am  for  1T87,  88,  89,  95,  and  1801.     Of  these  the  table, 

pes  IB  the  Appendix,   for  which   I   am  indebted   to  the 

>l%faig  communication  of  the  author,  contains  an  arranged 

ihmet. 

4.  Crystallized  muriate  of  lime,  when  mixed  with  snow, 
priaces  a  most  intense  degree  of  cold.  This  property  was 
fcovered  some  years  ago  by  M.  Lovitz,  of  St.  Petersburg, 
■d  has  been  since  applied,  in  this  country,  to  the  congela- 
te  of  mercury  on  a  very  extensive  scale.  The  proportions 
vkicfa  answer  best,  are  about  equal  weights  of  the  salt  finely 
fBvdered,  and  of  fresh-fallen  and  light  snow.  On  mixing 
^  together,  and  immersing  a  thermometer  in  the  mixture, 
^mercury  sinks  with  great  rapidity.  For  measuring  exactly 
Ae  eold  produced,  a  spirit-thermometer,  graduated  to  50^ 
Mow  0  of  Fahrenheit,  or  still  lower,  should  be  employed. 

▼OL.  I.  I 
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A  few  pounds  of  the  salt  are  suflSdent  to  congeal  a  large 
mass  of  mercury.  By  means  of  18  pounds  of  the  muriate, 
and  an  equal  weight  of  snow,  Messrs.  Pq>ys  and  Allen  firoie 
56  pounds  of  quicksilver  mto  a  solid  mass.  The  mixture  of 
the  whole  quantity  of  salt  and  snow,  however,  was  not  made 
at  once,  but  part  was  expended  in  cooling  the  materials  them- 
selves. 

On  a  small  scale  it  may  be  sufficient  to  employ  two  or  three 
pounds  of  the  salt.  Let  a  few  ounces  of  mercury,  in  a  Tery 
thin  glass  retort,  be  immersed,  first  in  a  mixture  of  one  pound 
of  each ;  and,  when  this  has  ceased  to  act,  let  another  similar 
mixture  be  prepared.  The  second  will  never  fidl  to  congeal 
the  quicksilver.  The  salt  thus  expended  may  be  again  eva» 
porated,  and  crystallized  for  future  experiments. 

In  plate  iv.  fig.  42,  a  very  simple  and  cheap  apparatus  is 
represented,  which  I  have  generally  employed  to  freeze  mer- 
cury. The  dimensions  will  be  given  in  the  description  of  the 
plates.* 

The  reader,  who  wishes  for  farther  particulars  respecting 
these  experiments,  is  referred  to  the  Philosophical  Magazine 
111.  76. 

VII.  On  I  he  contrary^  liquids^  in  becoming  solids  evolve  or 
give  Old  caloric,  or,  in  comfnon  language^  produce  heaL 

1.  Water,  if  kept  perfectly  free  from  agitation,  may  be 
cooled  down  several  degrees  below  32^ ;  but,  on  shaking  it,  it 
immediately  congeals,  and  the  temperature  rises  to  32^. 

2.  Expose  to  the  atmosphere,  when  at  a  temperature  below 
freezing  (for  example,  at  25°  of  Fahrenheit),  two  equal  quan- 
tities of  water,  in  one  only  of  which  about  a  fourth  of  its 
weight  of  common  salt  has  been  dissolved.  The  saline  solu- 
tion will  be  gradually  cooled,  without  freezing,  to  4°.  The 
pure  water  will  progressively  descend  to  32%  and  will  there 
remain  stationary  a  considerable  time  before  it  congeals.  Yet 
while  thus  stationary,  it  cannot  be  doubted,  that  the  pure 
water  is  yielding  caloric  to  the  atmosphere,  equally  with  the 
saline  solution  ;  for  it  is  impossible  that  a  warmer  body  can 
be  surrounded  by  a  cooler  one,  without  imparting  caloric  to 
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iektter.    The  reason  of  this  equable  temperature  is  well 

jfUiied  by  Dr.  Crawford.  {On  Heat^  p.  80.)     Water,  he 

doring  freezing,  is   acted   upon  by  two   opposite 

I :  it  is  deprived  of  caloric  by  exposure  to  a  medium, 

temperature  is  below  32^ ;  and  it  is  supplied  with  ca- 

|l|i^  h]  the  evolution  of  that  principle  from  itself,  viz.  of 

iitportioa  which  constituted  its  fluidity.     As  these  powers 

l^cuctiy  equal,  the  temperature  of  the  water  must  remain 

till  the  caloric  of  fluidity  is  all  evolved. 
t:l^  The  evolution  of  caloric,  during  the  congelation  of 
is  well  illustrated  by  the  following  experiment  of  Dr. 
: — Into  a  round  tin  vessel  put  a  pound  of  powdered 
mroond  this  by  a  mixture  of  snow  and  salt  in  a  larger 
vkI;  and  stir  the  ice  in  the  inner  one,  till  its  temperature 
snAiced  to  +  4°  of  Fahrenheit.  To  the  ice  thus  cooled, 
ill  I  pound  of  water  at  32^.  One  5th  of  this  will  be  frozen ; 
pltbe  temperature  of  the  ice  will  rise  from  4^  to  32^.  In 
iiiioftance,  the  caloric,  evolved  by  the  congelation  of  one 
.4  of  8  pound  of  water,  raises  the  temperature  of  a  pound 
Vioe28^ 

4*  ir  we  dissolve  sulphate  of  soda  in  water,  in  the  propor- 
«iof  one  part  to  five,  and  surround  the  solution  by  a  frecz- 
^mixture,  it  cools  gradually  down  to  31^.  The  salt,  at 
wpoiot,  begins  to  be  deposited,  and  stops  the  cooling  cn- 
Uj.  This  evolution  of  caloric,  during  the  separation  of 
Xilt,  is  exactly  the  reverse  of  what  happens  during  its  so- 
hioo.* 

&  To  a  saturated  solution  of  sulphate  of  potash  in  water, 
Vofanv  salt  that  is  insoluble  in  alcoliol,  add  an  e(|ual  niea- 
»B  of  alcohol.  The  alcohol,  attracting  the  water  more 
^{^y  than  the  salt  retains  it,  precipitates  the  salt,  and 
ttonderable  heat  Ls  produced. 


*  Blag4cD»  Philosophical  Transactions,  Ixxviii.  290. 
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SECTION  IV. 

Caloric  the  Cause  of  Vapottr. 

L  Every  liquid^  when  of  the  same  degree  of  chemical  purily^ 
and  under  equal  circumstances  of  atmospheric  pressure,  has  one 
peadiar  point  of  temperature,  at  which  it  invariably  hoils.-^ 
Thus^  pure  water  always  boils  at  212^,  alcohol  of  sp.  gr.  0.81S 
at  1 73^,  and  ether  at  96^  Fabr. ;  and,  when  once  brought  to 
the  boiling  point,  no  liquid  can  be  made  hotter,  however  long 
the  application  of  heat  be  continued.  The  boiling  point  of 
water  may  be  readily  ascertained,  by  immersing  a  thermo- 
meter in  water  boiling,  in  a  metallic  vessel,  over  the  fire.  As 
there  is  some  danger  in  applying  heat  directly  to  a  vessel  con** 
taining  either  ether  or  alcohol,  the  ebullition  of  these  fluids 
may  best  be  shown,  by  immersing  the  vessel  containing  them 
in  water,  the  temperature  of  which  may  be  gradually  raised. 
The  appearance  of  boiling  is  owing  to  the  formation  of  vapour 
at  the  bottom  of  the  vessel,  and  its  escape  through  the  heated 
fluid  above  it.  That  the  steam,  which  escapes,  is  actually 
formed  at  the  bottom,  and  not  at  the  top  of  the  water,  may 
be  seen  by  boiling  some  water  in  a  Florence  flask,  or  other 
transparent  vessel,  over  an  Argand's  lamp.  The  bubbles  of 
vapour  will  all  ascend  from  the  bottom  of  the  vessel.  A  few 
exceptions  to  the  fixity  of  the  boiling  point  of  liquids,  arising 
chiefly  from  the  material  of  which  the  containing  vessel  is 
made,  have  been  stated  by  Gay  Lussac.*^ 

II.  Steam  lias  exactly  the  same  temperature  as  boiling  water. 
— Let  a  tin  vessel  be  provided,  having  two  holes  in  its  cover, 
one  of  which  is  just  large  enough  to  admit  the  stem  of  a* 
thermometer.  Fill  it  partly  with  water,  and  let  the  bulb  of 
the  thermometer  be  an  inch  or  two  above  the  surface  of  the 
water,  leaving  the  other  aperture  open  for  the  escape  of 
vapour.  When  the  water  boils,  the  thermometer,  surrounded 
by  steam,  will  rise  to  212'^,  which  is  precisely  the  temperature 

•  Ann.  de  Chim.  et  Phys.  vii.  307,  or  Journ.  of  Science,  v.  36l. 
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vato beneath;  yet  water^  placed  on  a  fire^  centinnei  tOr 

hcBtf  very  aboDdantly,  even  when  boiling  hot;  and- 

Aiiheat  is  not  appreciable  by  the  thermometer^  it  must, 

athesteam,  in  a  latent  state. 
HL  f erf edly formed  sieam  is  completely  invisible^^We  may 
onndyes  of  this  by  boiling  strongly  a  small  quantity 
ia  a  flask ;  for  perfect  transparency  will  exist  in  the 
|isrt  of  the  vessel.    It  is  only  when  it  begins  to  be  con*, 
tiist  steam  becomes  visible.     We  have  a  proof  also  of 
fret  in  the  thick  fogs  which  are  produced  by  a  sudden 
6x)m  warm  to  cold  weather;  the  vapour,  which  was 
at  the  higher  temperature,  being  condensed  and 
Tisihle  by  the  lower. 
Ik  perfect  transparency  of  steam,  and  also  two  other  im- 
pn^rties  on  which  depends  its  use  as  a  moving 
1  m.  its  elasticity  and  its  con- 
by  a  reduced  temperature^ 
kntifiilly  shown  by  a  little  ap- 
ooDtrived  by  Dr.  Wollaston, 
ffvUi  a  sketch  is  annexed.    It 
of  a  glass    tube  about  6 
bog  and  4  inch  bore,  as  cy  lin- 
■Utt  possible,  and  blown  out  a 
■k  >t  the  lower  end.    It  has  a 
*Mfa  handle,  to  which  is  attached 
•wiaclip  embracing  the  tube ;  and 
^ii  8  piston,  which,  as  well  as 
''ii^  is  perforated,  as  shown  by  the 
**W  lines.      This  canal  may  be 
•^Anally  opened  or  closed  by  a 
trevstthe  top;  and  the  piston  rod 
■^)tin  the  axis  of  the  cylinder  by  being  passed  through  a 
I"*  of  cork  fixed  at  the  top  of  the  tube.     When  the  instru- 
•01  is  used,  a  little  water  is  put  into  the  bottom ;  the  piston 
fctken  introduced  with  its  aperture  left  open ;  and  the  water 
*keiled  over  a  spirit  lamp.     The  common  air  is  thus  expeT- 
W  from  the  tube,  and  when  this  may  be  supposed  to  be  ef- 
ccted,  the  aperture  in  the  rod  is  closed  by  the  screw.    On  apr 
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plying  heat,  steam  is  produced,  which  drives  the  piston  up- 
wards. On  immersing  the  bulb  in  water,  or  allowing  it  to 
cool  spontaneously,  a  vacuum  is  produced  in  the  tube,  and  the 
piston  is  forced  downwards  by  the  weight  of  the  atmosphere. 
These  appearances  may  be  alternately  produced  by  repeatedly 
heating  and  cooling  the  water  in  the  ball  of  the  instrument. 
In  the  original  steam  engine,  the  vapour  was  condensed  in  the 
cylinder,  as  it  is  in  the  glass  tube ;  but  in  the  engine  as  im- 
proved by  Mr.  Watt,  the  steam  is  pumped  into  a  separate 
vessel,  and  there  condensed ;  by  which  the  loss  of  heat^  occa- 
sioned by  cooling  the  cylinder  every  time,  is  avoided. 

IV.  The  boiling  point  of  the  same  fluid  varies,  under  different 
degrees  of  atmospheric  pressure. — Thus  water,  which  has  been 
removed  from  the  fire,  and  has  ceased  to  boil,  has  its  ebullition 
renewed  when  it  is  placed  under  a  receiver,  the  air  of  which 
is  quickly  exhausted  by  an  air  pump.  Alcohol  and  ether, 
confined  under  an  exhausted  receiver,  boil  violently  at  the 
temperature  of  the  atmosphere.  In  general,  liquids  boil  in 
vacuo,  with  about  124^  less  of  heat,  than  are  required  under 
a  mean  pressure  of  the  atmosphere  ;**  water,  therefore^  in  a 
vacuum  must  boil  at  88^,  and  alcohol  at  49^  Fahr.  Even 
the  ordinary  variations  in  the  weight  of  the  air,  as  measured 
by  the  barometer,  are  sufficient  to  make  a  difference  in  the 
boiling  point  of  water  of  several  degrees  between  the  two 
extremes,!  as  shown  in  the  following  table. 


Height  of  fioiling  point 

Barometer.  of  water. 

26  204.91'' 

26.5 205.79 

27  206.67 

27.5 207.55 

28  208.43 

28.5 209.31 


Height  of  Boih'ng  point 

Barometer.  of  water. 

29     210.19® 

29.5 211.07 

30     212 

30.5 212.88 

31     213.76 


On  ascending  considerable  heights,  as  to  the  tops  of  moun- 


*  Black*s  Lectures,  i.  151. 

f  Sir  G.  Shuckburgh,  in  Philosophical  Transactions^  Ixxix.  3?^,  and 
Gen.  Roy  in  ditto,  Ixvii.  6S7* 
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tains,  ihe  boiling  point  of  water  gradually  falls  on  the  scale  of 
Uie  tbennometer.  Thus  on  ihe  summit  of  Mont  Blanc,  water 
was  found  by  Saussure  to  boil  at  1HT°  Fahrenheit.  On  tliis 
fact  is  founded  the  use  of  the  thermometer  in  the  measurement 
ofheights,  which  though  originally  suggested  by  Fahrenheit, 
ha*  only  lately  been  made  conveniently  practicable,  in  con- 
sequence of  the  invention  of  a  thermometer,  adapted  to  the 
purpose,  by  the  Uev.  Mr.  Wolhiston.*  Without  entering 
into  minute  details,  it  would  not  be  possible  to  give  a  clear 
iilcK  of  the  instrument.  It  may  be  sutKcicnt  to  state  that  each 
degree  about  the  boiling  point  is  made  to  occupy  a  sp.ice,  that 
admits  of  being  distinctly  dividetl  into  1000  parts.  And  as 
each  dcigree  of  Fahrenheit  is  equivalent  to  0.589  of  an  inch  of 
the  barometer,  which  Indicates  an  elevation  of  530  feet,  it 
Tiillows  that  one  thousandth  part  of  a  degree  will  be  equiva- 
lent to  a  difference  in  height  of  about  six  inches.  In  fact,  llie 
height  of  a  common  table  jiroduces  a  manifest  difference  in 
ihe  boiling  point  of  water,  as  ascertained  by  this  sensible  in- 
itnunent. 

The  influence  of  a  diminished  pressure  in  facilitating  ebulli- 
tion may,  also,  be  illnstrnted  by  the  following  vciy  simple  ex- 
periment:— Place,  over  a  lamp,  a  Florence  flask,  about  three 
fourths  Glled  with  water;  let  it  boil  briskly  during  a  few 
minutes;  and,  immediately  on  removing  it  from  tlic  lamp, 
cork  it  tightly,  and  suddenly  invert  it.  Tlie  water  will  now 
cease  to  boil ;  but,  on  cooling  the  convex  part  of  the  flask  by 
a  BtFcam  of  cold  water,  the  boiling  will  be  renewed.  Apply- 
ing btnling  water  from  the  spout  of  a  tea-kettle  to  the  same 
part  of  the  flask,  the  water  will  again  cease  to  boil.  This 
renewal  of  the  ebullition,  by  the  application  of  cold  (an  ap- 
parent paradox),  is  owing  to  the  formation  of  an  imperfect 
vacuum  over  the  hot  water,  by  the  condensation  of  steam  ; 
and  the  suspension  of  boiling,  on  re-ajjplying  the  lieat,  to 
the  renewed  pressure  on  the  surface  of  the  hot  water,  occa- 
■ioned  by  the  formation  of  fresh  steam. 

From  these  facts,  it  may  be  inferred,  thr.t  the  particles  of 

•  Phil.  Trans.  1817,  p.  IB*. 
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caloric  are  mutually  repulsive^  and  that  they  commtmioata 
this  repulsive  tendency  to  other  bodies  in  which  caloric  it 
contained.  This  repulsive  power  tends  to  change  solids  inta 
fluids,  and  liquids  into  aerirorm  bodiesi  and  is  chiefly  counter- 
acted by  the  pressure  of  the  atmosphere* 

Were  this  counteracting  cause  removed,  many  bodiei» 
which  at  present  have  a  liquid  form,  would  cease  to  be  such^ 
and  would  be  changed  into  a  gaseous  state.  Precisely  the 
same  eifect)  therefore,  results  from  the  prevalence  of  either  of 
these  forces.  Add  to  certain  liquids  a  quantity  of  calorici  ia 
other  words,  place  them  in  a  high  temperature,  and  they  imme^ 
diately  assume  an  aeriform  state :  or,  their  temperature  re* 
maining  the  same^  diminish  the  weight  of  the  atmosphere  t 
and  the  caloric,  which  they  naturally  contain,  exerts  its  repul- 
sive tendency  with  equal  efiect,  and  they  are  in  like  manner 
converted  into  gases.  These  facts  are  best  shown  by  the  fol- 
lowing experiments  on  ether : 

1.  Ether,  at  the  temperature  of  96%  exists  in  tlie  state  of  a 
gas.  This  may  be  shown  by  filling  a  jar  with  water  a  few 
degrees  above  this  temperature,  and  inverting  it  in  a  vessel  of 
the  same.  Then  introduce  a  little  ether,  by  means  of  a  amall 
glass  tube  closed  at  one  end.  The  ether  will  rise  to  the  top 
of  the  jar,  and,  in  its  ascent,  will  be  changed  into  gas,  fiUiog 
the  whole  jar  with  a  transparent,  invisible,  elastic  fluid.  On- 
permitting  the  water  to  cool,  the  ethereal  gas  is  condensed,  and 
the  inverted  jar  again  becomes  filled  with  water. 

2.  Ether  is  changed  into  gas  by  diminishing  the  weight  of 
the  atmosphere.  Into  a  glass  tube,  about  six  inches  long,  and 
halfan  inch  in  diameter,  put  a  tea-spoonful  of  ether,  and  fill 
up  the  tube  with  water;  then,  pressing  the  thumb  on  the  open 
end  of  the  tube,  place  it,  inverted,  in  a  jar  of  water.  L.et  the 
whole  be  set  under  the  receiver  of  an  air  pump,  and  the  air 
exhausted.  The  ether  will  be  changed  into  gas,  which  will 
expel  the  water  entirely  from  the  tube.  On  re-admitting  the 
air  into  the  receiver,  the  gas  is  again  condensed  into  a  liquid 
form. 

It  is  evidently  unnecessary  that  a  liquid  should  boil  in  vacuo, 
in  order  to  be  converted  into  vapour ;  for  all  liquids  have  in 
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k^  at  evcTf  teinperature»  a  tendency  to  aMume  the  state  of 
gi%  tad  aeveralg  which  exhibitf  at  the  common  temperature 
tf  the  atiiiosphere»  no  appearance  of  ebullition,  are  never* 
idtm  aunrertible  into  Tapour,  at  that  temperature^  under  an 
ohaaited  receiver.  The  quantity  of  vapour  produced  in  vacuo^ 
mm  with  the  space^  the  temperature^  and  the  nature  of  the 
ifuL  1  St,  It  is  proportional  to  the  space,  for  a  double  space 
|b»oecasioa  to  tlie  formation  of  a  double  quantity  of  vapour; 
■dif  a  given  volume  of  vapour  be  mechanically  compressed 
iMo  half  its  bulk,  one  half  will  be  re'^x)nverted  into  water. 
1%,  It  increases  with  the  temperature,  but  in  a  greater  pro* 
pilioQ.  Sdly,  It  is  different  for  difierent  liquids;  and  it  may 
hi  observed  that  liquids,  which  enter  most  easily  into  ebul- 
ElioB,  are  generally,  though  with  some  exceptions,  those 
lAieh  at  a  given  temperature  afford  the  densest  vapour.  Thus 
thi  fapour  of  ether  is  more  dense  than  that  of  water.  The 
caloric  required  to  produce  this  sort  of  evaporation,  which 
mj  be  called  spontonmmsj  in  order  to  distinguish  it  from 
Aat  produced  by  obvious  sources  of  heat,  is  supplied  in  the 
int  instance  by  the  liquid  itself  the  temperature  of  which  is 
to  fall,  and  is  regained  by  contact  with  surrounding 


%iontaneoiis  evaporation  goes  on,  also,  from  the  surface  of 
iqidds  exposed  to  the  atmosphere,  and  a  quantity  of  vapour 
is  produced  which,  from  the  same  liquid,  is  determined  by 
the  pressure  and  the  temperature.     If  to  a  given  volume  of  dry 
siBKMpheric  air  confined  over  mercur}',  we  admit  a  small 
qoantity  of  water,  the  volume  of  the  air  is  increased  by  the 
admistare  of  aqueous  vapour.     Substituting  at  the  same  tem- 
perature and  pressure,  any  other  gas  for  atmospheric  air,  an 
expansion  is  produced  to  precisely  the  same  amount;  and  it  is 
remarkable  that  the  quantity  and  force  of  vapour,  in  a  given 
volume  of  air  or  of  gas  of  extreme  moisture,  is  precisely  the 
«me  as  in  Toricellian  vacuum  of  like  volume.*    These  facts 
Aow,  as  will  afterwards  more  fully  appear,  thot  spontaneous 
evaporation  is  entirely  independent  of  any  affinity  of  air  for 
water,  and  is  to  be  explained  by  the  general  laws  regulating 
the  production  and  force  of  vapour. 
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V.  On  the  contrary^  by  considerably  increasing  the  pressure^ 
water  may  be  heated  to  above  400^  Fahrenheit,  without  being 
c/ianged  into  vapour. — This  experiment  requires,  for  its  per^ 
formance,  a  strong  iron  vessel,  called  a  Papin's  digester,  a 
plate  of  which  may  be  seen  in  Gren's  Chemistry.  That  the 
boiling  point  of  water,  and  the  temperature  of  steam,  are  raised 
by  an  increased  pressure,  may  be  equally  well  shown,  howevef^ 
by  means  of  the  small  boiler,  represented  plate  v.  fig.  46» 
which  will  be  found  extremely  useful  in  experiments  on  this 
subject.  Its  precise  size,  and  directions  for  its  construction, 
will  be  given  in  the  Description  of  the  Plates. 

On  the  cock  c  may  be  screwed,  occasionally,  a  valve,  loaded 
in  the  proportion  of  14  pounds  to  the  square  inch  ;  or  a  guage 
adapted  to  show  the  density  of  the  steam,  by  the  diminution 
of  bulk  in  a  confined  portion  of  air,  which  will  occupy  a  bulk 
inversely  proportionate  to  the  compressing  force  (fig.  Wfji) 
The  boiler  being  rather  more  than  half  filled  with  water,  and 
the  perforated  cap  d  being  screwed  into  its  place,  the  ball  of 
the  thermometer  will  be  an  inch  or  more  above  the  surface 
of  the  water,  and  will  indicate  its  temperature,  as  well  as 
that  of  the  steam,  both  being,  necessarily,  in  all  cases,  pre- 
cisely the  same.  Allowing  the  steam  to  escape  through  the 
cock  c,  before  affixing  the  valve,  the  temperature  of  the  steam, 
under  a  mean  atmospheric  pressure,  will  be  212°.  When  an 
additional  atmosphere  is  added  by  the  weighted  valve,  it  will 
rise  to  250° ;  by  a  valve  twice  as  heavy  as  the  first,  or  loaded 
in  the  proportion  of  4-2  pounds  to  the  square  inch  ( =  three 
atmospheres),  the  temperature  of  the  steam  will  be  raised  to 
more  than  270°.  This  is  as  far  as  it  is  safe  to  carry  the  ex- 
periment. 

An  apparatus  adapted  to  the  same  purposes,  has  been 
contrived,  also,  by  Dr.  Marcet,  and  may  be  procured  from 
the  makers  of  philosophical  instruments  in  London.  It 
consists  of  two  hemispheres  (see  the  figure),  generally  of 
brass,  which  are  fixed  together  by  flanches  and  screws. 
At  the  upper  part  are  three  openings,  into  one  of  which 
a  cock  may  be  screwed;  into  the  other  a  thermometer 
graduated  to  250°,  or  upwards;  and  into  the  central  one 
is  fixed  a  long  glass  tube  open  at  both  ends,  and  reach- 
ing to  within  about  one-eighth  of  an  inch  of  the  bottom  of  the 
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boiler.      When    the   apparatus  is   used,  mercury  sufficient 

to  fill  the  tube  is  first  put 

into  the  Tessel,  and  over  this 

I  quantity  of  water  sufficient 

to  oooqiy  about  half  its  ca- 

picity  is    poured,   and   the 

cack  being  shut,  the  heat  of 

A  spirit  lamp  with  three  or 

fair  wicks  is  applied.  With 

this  boiler  precisely  the  same 

eqieriments   may  be   made 

as  with  that    which  I  have 

already  described,  the  only 

diflerence  being  in  its  form, 

and  in  the  guage  for  mea- 

nring  the  force  of  the  steam 

which  is  generated ;  for  this, 

fay  its   pressure,  drives  the 

mercury  up  the  tube,   and 

by  the  height  of  the  column 

exhibits,  in  a  more  striking 

manner,  the  correspondence 

between  the  elasticity  of  the 

steam  and  its  temperature. 

The  elasticity  of  the  va- 
pour of  water  from  S2°  to 
212^  Fahr.  had  been  expe- 
rimentally   determined    by 
Mr.  Dalton,  who,  from  his 
results,    had    calculated   its 
force  at  temperatures  above 
the  ordinary  boiling  point. 
It  was  still,  however,  desira- 
ble to  ascertain,  by  actual 
experiment,  the  elastic  force 
of  vapour  above  212**,  and  this  has  been  attempted  by  Professor 
Robison,  Mr.  Southern,  and  Dr.  Ure.     Mr.  Southern's  expe- 
riments were  made  many  years  ago,  but  were  not  published 
till  very  lately,  in  Dr.  Brewster's  edition  of  Prof.  Robison*8 
Works.      The  following   table   expresses  the  elasticity  o 
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aqueous  vapour  according  to  hU  experiments,  under  one^  two^sifi 
four,  and  efght  atmospheres*  toi 

Pressure  in  Inches  Temperttore 

Atmospheres.  of  Mercury.  Fahr.  ,;^ 

1 29.8    212^  "[^^ 

2    59.6    250.3 

4f    119.2    293.4  ^ 

8    .....' 238.4.    S43.6  ^ 

Dr.  Ure's  experiments  were  published  in  the  Philosophical  ^ 
Transactions  for  1818,  and  their  general  resulu  are  contained 
in  a  table,  which  will  be  found  in  the  Appendix.     Between  t 
32^  and  212^,  an  almost  exact  coincidence  may  be  observed  :| 
between  the  experiments  of  Dalton  and  of  Ure ;  but  this  ceases   t 
above  the  boiling  point  of  water;  for  there   Mr.  Dalton's 
numbers  were  calculated  on  the  presumption  that  the  same 
law  of  progression  obtains  in  the  higher  as  in  the  lower 
ranges,  which  does  not  appear  to  be  correctly  the  fact. 

Dr.  Ure  has  examined,  also,  the  elastic  forces  of  the  vapours 
of  alcohol,  ether,  oil  of  turpentine,  and  naphtha,  and  has  ex- 
hibited the  results  in  the  form  of  a  table.  To  the  experiments 
on  ether  it  has  however  been  objected  by  Mr.  Dalton,  that 
they  were  made  on  that  fluid  in  an  impure  state,  as  is  evident 
from  its  boiling  point,  whicli  Dr.  Ure  states  at  lOi^  or  105^3 
whereas  the  point,  at  which  pure  ether  boils  under  the  pres^ 
sure  of  the  atmosphere,  is  96^  Fahr.  Mr.  Dalton  has,  there- 
fore, from  his  own  experiments,  constructed  a  fresh  tables 
which  will  also  be  found  in  the  Appendix. 

VI.  The  density  of  steam  is  nearly  if  tiot  accurately  pr(^)cr^ 
tional  to  its  elasticity  ;  at  least  this  may  be  afiirmed  of  it  within 
the  limits  of  Mr.  Southern's  experiments,  which  extendeil  to 
steam  formed  under  a  pressure  of  120  inches  of  mercury,  or 
of  four  atmospheres.  Thus  steam  of  elasticity  =:  40  inches 
of  mercury  required  1.430  cubic  inches  of  water  to  form  each 
cubic  foot  of  steam  ;  vapour  of  80  inches  required  2»940  cubic 
inches  of  water ;  and  vapour  =  1 20  inches  force  required  for  each 
cubic  foot  4.279cubic  inches  of  water.  The  elasticities,  therefore, 
and  the  quantities  of  water,  in  these  experiments,  have  the 
same  common  multiple;  in  other  words,  steam  of  doubly 
triple^  &c.  elastic  force  contains,  in  an  equal  volume^  twioei 
thricf^  &G.  the  weight  of  water. 


flcr.nr.         caloeic  tbb  oausb  of  vapour.  Ifis 

YIL  Tie  laieni  heal  of  the  vapoitrs  of  fluids^  though  constatU 
fm  vapour  of  the  same  kindj  and  of  a  given  elasticity^  differs  im 
iferemi  vapours.  • 

The  latent  heat  of  the  vapours  of  different  liquids  has  been 
nTestigated^  so  far  as  I  know,  only  by  Dr.  Ure.  His  method 
VIS  to  distil  o£r  a  known  quantity  of  each  liquid,  and  to  ob*- 
nre  the  temperature  gained  by  the  water  employed  to  con* 
dense  its  vapour.  From  the  results,  he  has  constructed  the 
ftOowing  Table.     (Phil.  Trans.  1818.) 

General  Table  of  latent  Heal  of  Fapours. 

Vapour  of  water  at  its  boiling  point 967^ 

alcohol  (sp.  gr.  OJ325) •  442 

aulph.  ether  (boiling  point  1#4^)  •  •  •  •  S02.379 

petroleum 177.87 

oil  of  turpentine  (do.  about  310°)  .  •  •  177.87 
nitric  acid  (sp.gr.  1.494,  boiled  at  165"")  531.99 

liquid  ammonia  (sp.  gr.  0.978) 837.28 

vinegar  (sp.  gr.  1.007) 875.00 

VIII.  The  absorption  ofcaloricy  dttring  evaporation,  shoumby 
aperhneni. — Moisten  a  thermometer  with  alcohol,  or  with 
cdier,  and   ex(K>se  it  to  the  air,  repeating  these  operations 
iltemately.     The  mercury  of  the  thermometer  will   sink  at 
each  exposure,  because  the  volatile  liquor,  during  the  evapo- 
ntioii,  robs  it  of  its  heat.     In  this  way  (especially  with  the  aid 
of  an  apparatus  described  by  Mr.  Cavallo,  in  the  Philosophi- 
cal Transactions,    1781,  p.  509),  water  maybe  frozen  in  a 
thin  and  small  glass  ball,  by  means  of  ether.     The  same  effect 
may  be  obtained,  also,  by  immersing  a  tube,  containing  water 
at  the  bottom,  in  a  glass  of  ether,  which  is  to  be  placed  under 
the  receiver  of  an  air  pump  ;  or  the  ether  may  be  allowed  to 
float  on  the  surface  of  the  water.     During  the  exhaustion  of 
the  vessel,  the  ether  will  evaporate  rapidly ;  and,  robbing  the 
water  of  heat,   will   completely   freeze  it  ;    thus    exhibiting 
the  singular  spectacle  of  two  fluids  in  contact  with  each  other, 
one  of  which  is  in  the  act  of  boiling,  and  the  other  of  freezing, 
at  the  same  moment. 

By  a  little  modification  of  the  experiment,  mercury  itself, 
which  requires  for  congelation  a  temperature  of  almost  40° 

below  0  of  Fahrenheit,  may  be  frozen,  as  was  first  shown  by 
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Dr.  Marcet*  A  conical  receiver,  open  at  the  top,  is  placed 
on  the  plnre  of  an  air  pump,  and  n  small  tube,  with  a  cylin- 
drical bulb  at  its  lower  end,  is  suspended  within  the  receiver, 
through  the  aperture,  by  means  of 
a  brass  plate,  perforated  in  its  cen- 
tre, and  fitting  the  receiver  air 
tight,  when  laid  upon  its  open  neck. 
The  tube  passes  through  this  plate, 
to  which  it  is  fitted  by  a  leather 
adjustment,  or  simply  by  a  .cork 
secured  with  sealing  wax.  The 
bulb  is  then  wrapped  up  in  a  little 
cotton  wool,  or,  what  is  better,  in  a 
small  bag  of  fine  fleecy  hosiery;  in 
which  a  small  spirit  thermometer, 
graduated  below  40°  Fahr.,  may 
also  be  included  ;  and,  after  being 
dipped  into  sulphuret  of  carbon 
or  ether,t  the  apparatus  is  quickly 
placed  under  the  receiver,  which  is 
exhausted  as  rapidly  as  possible.  In  two  or  three  minutes  the 
temperature  sinks  to  about  45°  below  0,  at  which  moment  the 
quicksilver  in  the  stem  suddenly  descends  with  great  rapidity. 
If  it  be  desired  to  exhibit  the  mercury  in  a  solid  state,  com- 
mon tubes  may  be  used,  which  have  originally  been  about  an 
inch  diameter,  but  have  been  flattened  by  pressure,  when 
softened  by  the  blow-pipe.  The  experiment  succeeds,  when 
the  temperature  of  the  room  is  as  high  as  +  40^  Fahrenheit. 
IX.  The  Jixation  of  caloric  in  ivuter,  by  its  conversion  into 
sleatUj  may  le  shown  by  the  following  experimenls : — 1.  I^t  a 
pound  of  water  at  212°,  and  eight  pounds  of  iron  filings  at 
300°,  be  suddenly  mixed  together.  A  large  quantity  of  vapour 
will  be  instantly  generated ;  and  the  temperature  of  the  mix- 
ture will  be  only  212°;  but  that  of  the  vapour  produced  is 
also  not  more  than  212°;  and  the  steam  must  therefore  con- 
tain, in  a  latent  or  combined  form,  all  the  caloric  which  raised 


*  34  Nich.  Journal,  1 19. 

t  In  exhausting  a  vessel  conuining  either  of  these  fluids,  the  valves  of 
the  air  pump  must  be  metallic. 
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it  tempotitiire  of  eight  pounds  of  iron  filings  from  212^  to 
900^. 

£  When  a  quantity  of  water  is  heated  several  degrees  above 
tkt  hcHing  point  in  a  close  vessel,  and  a  cock  is  then  suddenly 
opeDedy  the  steam  rushes  out  with  prodigious  nobe  and  vio- 
leaoe^  and  the  4ieat  of  the  water  is  reduced  in  three  or  four 
■ooods  to  the  boiling  temperature.  The  water,  however,  con* 
Anting  the  steam  which  has  escaped,  amounts  to  only  a  very 
trifling  quantity,  and  yet  it  has  been  sufficient  to  carry  off  the 
vUe  excess  of  heat  from  the  water  in  the  digester. 

3.  The  quantity  of  caloric,  which  becomes  latent  during 
Ae  formation  of  steam,  may  be  approximated,  by  repeating 
li^kilowing  experiment  of  Dr.  Black :  He  placed  two  cylin- 
drical flat-bottomed  vessels  of  tin,  five  inches  in  diameter,  and 
eontaining  a  small  quantity  of  water  at  50°,  on  a  red  hot  iron 
plit^  of  the  kind  used  in  kitchens.  In  four  minutes  the  water 
bigan  to  boil,  and  in  twenty  minutes  the  whole  was  boiled 
amvf.  In  four  minutes,  therefore,  the  water  received  162^ 
€f  temperature,  or  404-°  ^^  ^^^^  minute.  If  we  suppose, 
tkerefore^  that  the  heat  continues  to  enter  the  water  at  the 
suae  rate,  during  the  whole  ebullition,  we  must  conclude  that 
40^°  X  20  =  810°  have  entered  the  water,  and  are  contained 
in  the  vapour. 

It  has  been  found  by  experiment  that  75  pounds  of  New- 
cutle  coal,  or  100  pounds  of  coal  of  medium  quality,  applied 
io  the  best  manner,  are  required  for  the  vaporization  of  12 
cubic  feet,  or  about  89|-  wine  gallons,  of  water.     A  pound  of 
coal,  on  the  average,  may  be  considered  as  equivalent  to  con- 
vert a  gallon  of  water  into  vapour.     Wood  charcoal,  by  com- 
bustion, is  capable  of  melting  9-t  times  its  weight  of  ice,  and 
of  evaporating  13  times  its  weight  of  water,  previously  at  82° 
Fahrenheit.     Peat  of  the  best  quality,  when  properly  applied, 
evaporates  10  times  its  weiglit  of  water,  but,  as  commonly 
used,  only  4  or  5  times.     Even  with  the  assistance  of  heated 
air,  only  six   times  its   weight  can   be  evaporated,  though 
Curaudau  pretends  to  have  evaporated  25  times  its  weight.* 
From  eviilence  given  before  the  House  of  Commons  on  the 
Gas  Light  Bill,  17t  pounds  of  good  London  coke  appear  to 

♦  79  An.  Ch.  86. 
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be  capable  of  raising  from  66  to  70  pounds  of  water  inim 
vapour,  or  about  4  times  their  weight.* 

X.  tValefi  by  convei'sion  into  steam,  has  its  bulk  prodigiously 
enlarged^  viz,  according  to  Mr.  IVatt's  experiments,  Qboui  1800 
timeSi  or^  according  to  Gay  Ltissac^  only  1698  times.^^A  cubic 
inch  of  water  (or  252  grains)  occupies,  therefore^  when  con- 
verted into  steam,  of  temperature  212^,  and  force  equal  to  80 
inches  of  mercury,  the  space  of  nearly  a  cubic  foot.  The  tpe^ 
cific  gravity  of  aqueous  vapour  under  the  ordinary  pressure  of 
the  air,  is  to  that  of  perfectly  dry  air,  taking  Oay  Lussac's  data, 
as  10  to  16,  or  0.62Si9  to  1.  The  specific  gravity  which  it 
ought  to  have  from  theory  is  0.G20,  for  this  should  result  from 
condensing  into  one  volume  two  volumes  of  hydrogen  gas,  sp.gv. 
0.0688,  and  one  volume  of  oxygen  gas,  sp.  gr.  0.1025.  The 
experimental  result  of  Gay  Lussac  was  obtained  by  comparing 
air  and  steam  at  the  common  temperature  of  212^  Fahr.f  Bat 
as  all  gases  and  vapours  arc  expanded  or  contracted  to  the 
same  amount  by  equal  variations  of  temperature,  it  must  be 
obvious  that  the  same  relation  will  continue  between  |ur  and 
aqueous  vapour  at  all  other  degrees  of  heat,  provided  both  are 
subjected  to  a  common  temperature  and  pressure. 

XI.  On  the  contrary,  vapour s,  during  their  conversion  inio  a 
liquidform,  evolve^  or  give  out,  much  caloric, — The  beat  given 
out,  by  the  condensation  of  steam,  is  rendered  apparent  by 
the  following  experiment.  Mix  100  gallons  of  water  at  5C^ 
with  1  gallon  of  water  at  212^ ;  the  temperature  of  the  water 
will  be  raised  about  \\^,  Condense  by  a  common  still-tub^ 
1  gallon  of  water,  from  the  state  of  steam,  by  100  gallons  of 
water,  at  the  temperature  of  50^  •  The  water  will  lie  raised 
11°.  Hence,  1  gallon  of  water,  condensed  from  steam,  raises 
the  temperature  of  100  gallons  of  cold  water  9i^**  more  than 
1  gallon  of  boiling  water ;  and,  by  an  easy  calculation,  it 
appears  that  the  caloric  imparted  to  the  100  gallons  of  cold 
water  by  8  pounds  of  steam,  if  it  could  be  condensed  in  1  gal- 
lon of  water,  would  raise  it  to  950°.J  The  quantity  of  ice^ 
which  is  melted  by  steam  of  ordinary  density,  is  invariably  74 
times  the  weight  of  the  steam. 


r^"^^ 


•  See  also  Count  Rumford's  Researches  on  ihe  Heat  developed  in  Com- 
bustion.    Phil.  Mag.  xli.  xlii.  and  xliii. 
t  Ann.  de  Chim.  et  de  Phys.  ii.  135.  t  Black's  Lectures^  i.  KJy. 
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For  exhibiting  the  latent  heat  of  steam,  by  means  oFa  small 
iffanitiM^  which  may  be  placed  on  a  table,  and  with  the  as- 
■Ittice  only  of  a  lamp,  the  boiler  already  described  (fig.  46) 
«1  be  found  extremely  well  adapted.  The  right  angled  pipe 
f  aost  be  screwed,  however,  into  its  place,  and  must  be  made 
HlBinioate  at  the  bottom  of  ajar,  containing  a  known  quan- 
fkf  oTwater  of  a  given  temperature.  This  conducting  pipe 
mi  the  jar  should  be  wrapped  ronnd  with  a  few  folds  of 
IhmL  The  apparatus  being  thus  disposed,  let  the  water  in 
is  boiler  be  heated  by  an  Argand's  lamp,  with  double  con- 
icks^  tilt  steam  issues  in  considerable  quantity  through 
Cf  which  is  then  to  be  closed.     The  steam  will  now 

through  the  right  angled  pipe  into  the  water  contained 
is  the  jar,  which  will  condense  the  steam,  and  will  have  its 
ta^Kfature  very  considerably  raised.  Ascertain  the  augmen* 
of  temperature  and  weight;  and  the  result  will  show, 

nmch  a  given  weight  of  water  has  had  its  temperature 
by  a  certain  weight  of  condensed  steam.  To  another 
fMDtity  of  water,  equal  in  weight  and  temperature  to  that 
CBBtsined  in  the  jar  at  the  outset  of  the  experiment,  add  a 
fHBti^  of  water  at  219°,  equal  in  weight  to  the  condensed 
Unn;  it  will  be  found,  on  comparison  of  the  two  resulting 
temperatures,  that  a  given  weight  of  steam  has  produced,  by 
in  coodenaation,  a  much  greater  elevation  of  temperature, 
Authe  same  quantity  of  boiling  water.  This  will  be  better 
■drrstood  by  the  following  example,  taken  from  actual  ex- 
parimeDt: 

Into  eight  ounces  of  water,  at  50^  Fahrenheit,  contained 
io  the  glass  jar,^  fig.  46^  steam  was  passed  from  the  boiler, 
till  the  temperature  of  the  water  in  the  jar  rose  to  173^.  On 
vdgbing  the  water,  it  was  found  to  have  gained  8:>  drachms; 
that  is,  precisely  9^  drachms  of  steam  had  been  condensed, 
tod  had  imparted  its  heat  to  the  water. — To  facilitate  the  ex- 
planation of  this  experiment,  it  is  necessary  to  premise  the 
fallowing  remarks. 

To  measure  the  whole  quantities  of  caloric  contained  in  dif- 
ferent bodies,  is  a  problem  in  chemistry  which  has  not  yet 
been  .solved.  But  the  quantities  of  caloric,  added  to^  or  sub- 
tracted from,  diflferent  bodies  (setting  out  from  a  given  tem<* 

VOL.  I.  X 
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perature)  may,  in  many  cases,  be  measured  and  compared 
with  considerable  accuracy.  Thus,  if,  as  has  been  already 
stated,  two  pounds  of  water  at  120^  be  mixed  with  two  pounds 
at  60^,  half  the  excess  of  caloric  in  the  hot  water  will  pass  to 
the  colder  portion ;  that  is,  the  hot  water  will  be  cooled  80°, 
and  the  cold  will  receive  30°  of  temperature;  and  if  the  ex* 
perunent  be  conducted  with  proper  precautions,  90°,  the 
arithmetical  mean  of  the  temperature  of  the  separate  parts, 
will  be  the  temperature  of  the  mixture.  If  three  pounds  of 
water  at  100°  be  mixed  with  one  pound  at  60°,  we  shall  have 
the  same  quantity  of  heat  as  before,  viz.  four  pounds  at  90°. 
Hence  if  the  quantity  of  water  be  multiplied  by  the  tempe- 
rature, the  product  will  be  a  comparative  measure  of  the  quan* 
tity  of  caloric  which  the  water  contains,  exceeding  the  ^sero 
of  the  thermometer  employed. 

Thus  in  the  last  example, 

3  X  100  =  300  =  the  caloric  above  zero  in  the  first  portion* 
1   X     60  =    60  =  the  caloric  above  zero  in  the  second  do. 

The  sum,  360  =  the  caloric  above  zero  in  the  mixture. 
Dividing  360  by  4,  the  whole  quantity  of  water,  we  obtain 
90°,  the  temperature  of  the  mixture. 

This  method  of  computation  may  be  conveniently  applied 
to  a  variety  of  cases.  Thus,  in  the  foregoing  experiment,  8-J 
drachms  of  steam  at  212°,  added  to  64?  drachms  of  water  at 
50°,  produced  72^  drachms  of  water  at  173°.     Now, 

72-J-  X  173  =  12542^  =  whole  heat  of  the  mixture. 

64?     X     50  =     3200    =  /heat  of  64?  drachms,  one  of  tlie 

\     component  parts. 

93 1-2  >  =  /heat  of  8  J- drachms,  the  other 
^        \     component  part. 

Therefore  9342.}  divided  by  8^^  =  1099,  should  have  been 
the  temperature  of  (he  latter  portion  {viz.  8^  drachms,)  had 
none  of  its  heat  been  latent:  and  1099  —  212  =  887 gives 
the  latent  heat  of  the  steam.  This  result  does  not  differ  more 
than  might  be  expected,  owing  to  the  unavoidable  inaccuracies 
of  the  experiment,  from  Mr.  Watt's  determination,  which 
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the  htent  heat  of  steam  at  900^,  or  from  that  to  950^.'* 
with  the  aid  of  the  calorimeter,  makes  it  1000^^  or 
I  Me  morerf  Mr.  Southern^  945;  and  Dr.  Ure,  967. 

XIL  The  same  weight  of  steam  contains  ^  whatever  maybe  its 
innty^  the  same  quantity  of  caloric  ;  its  latent  heat  being  in-* 
omsed^  in  proportion  as  its  sensible  heat  is  diminished  ;  and  the 
nterse. — ^This  principle,  though  scarcely  admitting  of  illus- 
Mioo  by  any  easy  experiment,  is  one  of  considerable  impor- 
tace ;  and  an  ignorance  of  it  has  been  the  occasion  of  many 
Mtless  attempts  to  improve  the  economy  of  fuel  in  the  steam 
The  fact,  so  far  as  respects  steam  of  lower  density 
that  of  SO  inches  of  mercury,  was  long  ago  determined 
opnimentally  by  Mr.  Watt4  As  the  boiling  point  of  liquids 
ii  known  to  be  considerably  reduced  by  a  diminished  pres* 
ore,  it  seemed  reasonable  to  suppose  that,  under  these  cir- 
camstances,  steam  might  be  obtained  from  them  with  a  less 
caqKnditorc  of  fuel.  Water,  Mr.  Watt  found,  might  easily 
he  distilled  in  vacuo  when  at  the  temperature  of  only  70^ 
Fahrenheit.  But,  by  condensing  steam  formed  at  this  tem- 
perature, and  observing  the  quantity  of  heat  which  it  com- 
monicated  to  a  given  weight  of  water,  he  determined  that 
in  latent  heat,  instead  of  being  only  955^^  was  between  1200® 
and  1300*'. 

The  same  principle  may  be  explained  also  by  the  following 
ilnstration,  which  was  suggested  to  rac  by  Mr.  Ewart.  Let 
» suppose  that  in  a  cylinder,  furnished  with  a  piston,  we  have 
a  certain  quantity  of  steam,  and  that  it  is  suddenly  compressed, 
br  a  stroke  of  the  piston,  into  half  its  bulk.  None  of  the 
steam  will  in  this  case  be  condensed ;  but  it  will  acquire 
double  elasticity,  and  its  temperature  will  be  considerably  in- 
creased. Now  if  we  either  suppose  the  cylinder  incapable  of 
transmitting  heat,  or  take  the  moment  instantly  following  the 
compression  before  any  heat  has  had  time  to  escape,  it  must 
be  evident  that  the  sensible  and  latent  heat  of  the  steam,  taken 
together  before  compression,  are  precisely  equal  to  the  sen- 
sible and  latent  heat  taken  together  of  the  denser  steam.  But 
in  tlie  dense  steam,  the  sensible  heat  is  increased,  and  the 
latent  heat  proportionally  diminished.     The  explanation  of 


•  Blick's  Lectomr  i.  174.        t  Ibid,  i,  175. .      I  Ibid.  i.  igO. 
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this  fact  will  be  furnished  by  a  principle  to  be  hereftfter 
plained,  viz.  that  the  capacities  of  elastic  fluids  for  caloric  are 
uniformly  diminished  by  increasing  their  density. 

Direct  experiments  to  ascertain  the  latent  heat  of  steam, 
formed  under  higher  pressures  that  that  bf  the  atmosphere, 
have  been  made  by  Mr.  Southern,  of  Soho,  and  by  Mr. 
Sbarpe,  of  Manchester.*  Those  of  the  latter  were  first  pub* 
lished ;  but  were  subsequent  in  point  of  time  to  the  experi* 
ments  of  Mr.  Southern,  which,  though  only  lately  made  pub* 
]ic,t  were  instituted  many  years  ago.  They  consisted  in  as* 
certaining  the  augmentation  of  weight  and  increase  of  tem- 
perature, gained  by  a  given  quantity  of  water,  from  the 
condensation  of  known  volumes  of  aqueous  vapour  of  different 
densities.  The  results  presented  slight  differences  in  the  la- 
tent heat  of  steam  of  different  densities,  but  of  so  small  an 
amount  as  to  arise  probably  from  unavoidable  sources  of 
error.  The  following  table  exhibits  the  principal  results  ob* 
tained  by  Mr.  Southern. 

Temi>crature  Elasticity  of  ditto  Latent 

of  Steams.  in  inches  of  Mercury.  Heat. 

iJ29    40    942° 

270   80   942'' 

295    120    950'' 

The  experiments  of  Mr.  Sharpe,  and  also  a  recent  series 
by  Clement  and  Desormes,  (of  which  an  abstract  is  given  in 
the  Appendix  to  Thenard's  Traits  de  Chimie,  vol.  iv.  p.  262, 
Sme.  edition,)  establish  the  same  general  law.  This  law  is  of 
great  importance  in  practice,  since  it  shows  that  no  essential 
saving  of  fuel  can  be  reasonably  expected  from  using,  as  a 
moving  power,  steam  formed  under  high  pressures.  On  the 
contrary,  it  seems  probable  that  the  higher  the  temperature  of 
the  water  in  the  boiler,  the  greater  will  be  the  loss  of  heat  by 
the  escape  of  hot  iair  through  the  chimney.  Nevertheless, 
there  are  certain  cases  in  which  high  pressure  steam  may 
be  advantageously  applied  to  various  manufacturing  processes, 
as  a  means  of  commimicating  heat,  when  the  temperature  is 
required  to  exceed  212°  Fahrenheit. 

A  remarkable  fact  has  been  observed  respecting  steam  of 

•  Manchester  Society's  Memoirs.    Vol.  2,  New  Series, 
t  Brewster*8  Edition  of  Prof.  Robiton's  Works. 
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great  elasticity;  viz.  ilint  when  allowed  to  escape  Euddenly 
from  a  cock  orGmnll  aperture  in  the  boiler,  the  hand  may  be 
held  close  to  the  place  nt  which  it  issues,  without  being 
scalded  by  it ;  and  even  the  water  of  the  boiler  itself  doei  not 
■cald  under  these  circumstances.  Both  the  issuing  steam  and 
water  most,  necessarily,  thc-refure,  be  conaidcrabl}'  under  the 
lanperature  of  212°,  and  arc,  in  fact,  found  to  be  so  by  the 
thermometer.  This  is  probably  owing  to  the  sudden  rare- 
fsctton  of  the  issuing  steam  in  the  first  case,  or  sudden  pro- 
duction of  steam  of  great  rarity  in  the  second  ;  for  tbi»  rare- 
faction, or  sudden  production  of  steam,  instantly  renders  latent 
a  large  quantity  of  heat,  and  prevents  it  from  producing  those 
effects,  which  are  due  only  to  caloric  of  temperature.  There 
a  still,  however,  some  difficulty,  in  conceiving,  why  highly 
COmpreBsed  steam,  on  being  ollowed  to  escape  from  an  orifice, 
tbould  fall  lielow  212°,  since  that  is  the  temperature  which  is 
llue  to  it  under  the  mean  pressure  of  the  atmosphere. 

XIII.  3ViB  evaporation  of  water  h  carried  on  much  more  ra- 
pidly under  a  diminished  presuire,  especially  if  the  vapour, 
which  is  formed,  be  condensed  as  soon  as  il  is  produced,  so  as  la 
maintain  tite  vacuum. 

On  this  principle  depends  Mr.  Leslie's  new  and  ingenious 
mode  of  freezing  watei-,  in  an  atmosphere  of  ony  common 
temperature,  by  producing  a  rapid  evaporation  from  the  sur- 
face of  the  water  itself.  The  water  to  be  congealed  is  con* 
tained  in  a  shallow  vessel,  which  is  supported  above  another 
vessel,  containing  strong  sulphuric  ncid,  or  dry  muriate  of 
lime ;  or  even  dried  garden  mould  or  parched  outmeol.  Any 
substance,  indeed,  that  powerfully  attracts  moisture,  may  be 
applied  to  this  puqjosc.  The  whole  is  covered  by  the  re- 
ceiver of  Bn  air  pump,  which  is  rapidly  exhausted;  and  as 
soon  IIS  this  is  eirected,  crystals  of  ice  begin  to  alioot  in  the  wa- 
ter, and  A  considonible  quantity  of  air  makes  its  escape,  after 
wliicli  the  whole  of  the  water  becomes  solid.  The  rarefaction 
retjuired  is  to  about  100  times;  but  to  support  congelation, 
ttAer  it  has  taken  pluce,  20  or  even  10  times  are  sufficient.  I'he 
sulphuric  acid  becomes  very  warm ;  and  it  is  reniarkuble,  that 
if  tlic  vscuumbckept  up,  the  ice  itself  evaparnles.  In  live  or  six 
days,  ice  ofan  inch  in  thickness  will  entirely  disappear.  Thcacid 
coiilinuwto  net,  till  it  has  absorbed  an  equal  volume  of  water. 
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An  elegant  manner  of  making  the 
experiment  is  to  cover  the  vessel  of 
water  with  a  plate  of  metal  or  glass 
fixed  to  the  end  of  a  sliding  wire^ 
which  must  pass  through  the  neck 
of  the  receiver^  and  be^  at  the  same 
time,  air  tight,  and  capable  of  being 
drawn  upwards.  (See  the  annexed 
figure.)  When  the  receiver  is  ex- 
hausted, the  water  will  continue  fluid, 
till  the  cover  is  removed,  when,  in 
less  than  five  minutes,  needle  shaped 
crystals  of  ice  will  shoot  through  it, 
and  the  whole  will  soon  become 
frozen. 

In  tliis  interesting  process,  if  it  were  not  for  the  sulphuric 
acid,  nn  atmosphere  of  aqueous  vapour  would  fill  the  receiver; 
and,  pressing  on  the  surface  of  the  water,  would  prevent  the 
further  production  of  vapour.  But  the  steam  which  rises, 
being  condensed  the  moment  it  is  formed,  the  evaporation 
goes  on  very  rapidly,  and  has  no  limits  but  the  quantity  of 
the  water,  and  the  diminished  concentration  of  the  acid.* 

It  is  on  the  same  principle,  that  the  instrument  invented  by 
Dr.  Wollaston,  and  termed  by  him  the  Cryophorus  or  Fros/- 
learetj  is  founded.  It  may  be  formed  by  taking  a  glass  tube^ 
having  an  internal  diameter  of  about  -^th  of  an  inch,  the  tabt 
being  bent  to  a  right  angle  at  the  distance  of  half  an  inch 
from  each  ball,  thus: 


One  of  these  balls  should  be  about  half  filled  widi  water,  and 
the  other  should  be  as  perfect  a  vacuum  as  can  readily  be  ob- 
tained,  the  mode  of  effecting  which  is  well  known  to  those 
accustomed  to  blow  glass.    One  of  the  balls  is  made  to  ter- 


*  The  most  eompkte  accouot  of  this  new  mode  of  freexiog  if  to  be 
bond  ill  the  SonJoMii^  iMfW  puUishiiif»  to  the  Encyd.  Brit.  Ait.Coui 
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ratte  in  a  capillary  tube ;  and  when  the  water  in  the  other 
Ul  has  been  boiled  over  a  lamp  a  considerable  time,  till  all 
Aeair  is  expelled,  the  capillary  extremity,  through  which  the 
tfeiiD  it  still  issuing  with  violence,  is  held  in  the  flame  of  the 
Imp,  till  the  force  of  the  vapour  is  so  far  reduced,  that  the 
kot  of  the  flame  has  power  to  seal  it  hermetically. 

When  an  instrument  of  this  kind  is  well  prepared,  if  the 
oipCjr  ball  be  immersed  in  a  mixture  of  snow  and  salt,  the 
uter  in  the  other  ball,  though  at  the  distance  of  two  or  three 
fa^  will  be  frozen  solid  in  the  course  /C 
tfivery  few  minutes.  The  experi-  || 
Bent  may  be  rendered  even  more  strik-  l\ 
ia^  if  performed  according  to  Dr.  ^**^  *™ 
Marcet's  modification  of  it :  tlie  empty 
UI,  covered  with  a  little  moist  flannel, 
11  to  be  suspended,  in  ihe  manner 
ibvD  by  the  annexed  sketch,  within  a  J  '\ 

noetver,  over  a  shallow  vessel  of  strong  \x^\ 

idphoric  acid,  and  the  receiver  is  then  jl  v  \ 

la  be  exhausted.     In  both  cases,  the  \^ 

ifiponr  present  in  the  empty  ball  is  condensed  by  the  common 
operation  of  cold ;  and  the  vacuum,  produced  by  this  con- 
densation, gives  opportunity  for  afresh  quantity  to  arise  from 
.the  opposite  ball,  with  a  proportional  reduction  of  the  tem- 
perature of  its  contents. 

The  large  quantity  of  caloric,  latent  in  steam,  renders  its 
application  extremely  useful  for  practical  purposes.  Thus, 
water  may  be  heated,  at  a  considerable  distance  from  the 
K>Qrce  of  heat,  by  lengthening  the  conducting  pipe  e,  fig.  46. 
Hiis  fiimishes  us  with  a  commodious  method  of  warming  the 
water  of  baths,  which,  in  certain  cases  of  disease,  it  is  of  im- 
portance to  have  near  the  patient's  bed-room  ;  for  the  boiler, 
in  which  the  water  is  heated,  may  thus  be  placed  on  the 
ground-floor,  or  in  the  cellar  of  a  house  ;  and  the  steam  con- 
veyed by  pipes  into  an  upper  apartment.  Steam  may  also  be 
applied  to  the  purpose  of  heating  or  evaporating  water,  by  a 
modification  of  the  apparatus.  Fig.  46,  g.  represents  the 
apparatus  for  boiling  water  by  the  condensation  of  steam, 
without  adding  to  its  quantity  |  a  circumstance  occasionally  of 
CQBsiderable  importance,    llie  steam  is  received  between  the 
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veise],  which  contains  the  water  to  be  heated,  and  an  esUfkpii 
case }  it  imparts  its  caloric  to  the  water,  through  the  substaaivi 
of  the  vessel ;  is  thus  condensed,  and  returns  to  the  boiler  I|b 
the  perpendicular  pipe.  An  alteration  of  the  form  of  dttir 
vessel  adapts  it  to  evaporation  (fig.  46,  A)«  This  method  Oil  I 
evaporation  is  admirably  suited  to  the  concentration  of  liquids^ 
that  are  decomposed,  or  injured,  by  a  higher  temperatliii;i 
than  that  of  boiling  water,  such  as  medicinal  extracts ;  to  ihtii 
drying  of  precipitates,  &c.  In  the  employment  of  either  tm 
these  vessels,  it  is  expedient  to  surround  it  with  some  slain 
conductor  of  heat.  On  a  small  scale,  a  few  folds  of  woollMg 
cloth  are  sufficient ;  and,  when  the  vessel  is  constructed  of  Ha 
large  size  for  practical  use,  this  purpose  is  served  by  the  briekfi 
work  in  which  it  is  placed.  > 


SECTION  V.  .  5 

Caloric  the  Cause  of  permanefitly  elastic  Fluidity. — Gemrdt 

Properties  of  Gases. 

From  the  facts  which  have  been  detailed  in  the  last  sectioo^. 
it  appears  that  in  vapours,  strictly  so  called,  such  as  the  steaoi 
of  water,  caloric  is  retained  widi  but  little  force;  for  it  quity 
the  water  when  the  vapour  is  merely  exposed  to  a  lower  tend* 
perature.  But,  in  permanently  elastic  fluids,  caloric  is  heldf 
very  forcibly,  and  no  diminution  of  temperature,  that  hat 
ever  yet  been  effected,  can  separate  it  from  some  of  them* 
Thus  the  air  of  our  atmosphere,  in  the  most  intense  artificial 
or  natural  cold,  still  continues  in  the  aeriform  state.  Hence 
is  derived  one  character  of  gases,  viz.  that  they  remain  aeri^ 
form  under  almost  all  variations  of  pressure  and  temperature^ 
and  in  this  class  are  nl&o  included  those  aerial  bodies,  whicb^ 
being  immediately  condensed  by  contact  with  water,  require 
confinement  over  mercury.  The  following  experiment  will 
show,  that  the  caloric  contained  in  gases,  is  chemically  com- 
bined ;  or  at  least  that  it  is  inappreciable  by  the  thermometer. 

Into  a  small  retort  (plate  ii.  fig.  26,  I)  put  on  ounce  or  two 
of  well  dried  common  salt,  and  about  half  its  weight  of  sulpha* 
ric  acid.  By  this  process,  a  great  quantity  of  gas  is  produced^ 
which  migiit  be  received  and  collected  over  mercury.    But^ 
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the  purpose  of  this  experiment,  let  it  pass  through  a 
IJHi  bellooDt  Cf  having  three  openings,  into  one  of  which  the 
Mck  of  the  retort  passes,  while,  from  the  other,  a  tube  e  pro- 
CBfdSi  which  ends  in  a  vessel  of  water,  /,  of  the  temperature 
tf  the  atmosphere.  Before  closing  the  apparatus,  let  a  tlieiw 
■sneler,  d^  be  iacludecl  in  the  balloon,  to  show  the  tempera- 
tut  of  the  gas.  It  will  be  found  that  the  mercury,  in  this 
ftennometer,  will  rise  only  a  few  degrees,  whereas  the  water, 
is  the  vessel  which  receives  the  bent  tube,  will  soon  become 
hsOing  hot.  In  thu  instance,  caloric  flows  from  the  lamp  to 
it  moriatic  acid,  and  converts  it  into  gas ;  but  tlie  heat,  thus 
apended,  is  not  indicated  by  the  thermometer.  The  caloric, 
kwever,  is  again  evolved,  when  the  gas  is  condensed  by  water. 
Ib  this  experiment,  we  trace  caloric  into  a  latent  state,  and 
spin  into  the  state  of  free  or  uncombined  caloric. 

A  considerable  part  of  die  caloric,  which  exists  in  gases  in 
slstent  states  may  be  rendered  sensible  by  rapid  mechanical 
compression.  Thus  if  air  be  suddenly  compressed  in  the  ball 
of  an  air-gun,  the  quantity  of  caloric  liberated  by  the  first 
aroke  of  the  piston,  is  sufficient  to  set  fire  to  a  piece  of  the 
tinder  called  amadouJ^  A  flash  of  light  is  said,  also,  to  be 
percqptible  at  the  moment  of  condensation.  This  fact  has 
been  applied  to  the  construction  of  a  portable  instrument  for 
lighting  a  candle.  It  consists  of  a  common  sy  ringe,  concealed 
io  a  walking  stick.  At  the  lower  extremity,  the  syringe  is 
furnished  with  a  cap,  which  receives  the  substance  intended  to 
be  fired,  and  which  is  attached  to  the  instrument  by  a  male  and 
female  screw.  The  rapid  depression  of  the  piston  condenses 
the  air,  and  evolves  sufiicient  heat  to  set  the  tinder  on  fircf 
When,  on  the  contrary,  air  is  suddenly  rarefied  to  many 
times  its  volume,  its  temperature  falls  sufficiently  to  sink  a 
Yery  sensible  thermometer  50°  of  Fahr.,  its  sensible  heat  pas- 
HUg  in  this  case  instantly  into  a  latent  form.  (See  Gay  Lus- 
sac,  Ann.  dc  Chim.  et  de  Phys.  ix.  S05.) 

For  demonstrating  the  influence  of  variations  of  atmosphe- 
ric pressure  on  the  formation  of  gnscs,  better  experiments 

*  Philosophical  Magazine,  xiv.  d6d,  and  zl.  42^4.  t  ^^^^t  x^^i.  130. 
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cannot  be  devised  than  those  of  Lavoisier.*    But  as  somc^jgi 
students,  who  have  the  use  of  an  air-pump,  may  not  posses 
the  apparatus  described  by  Lavoisier  (the  glass  bell  and  sliding 
wire),  it  may  be  proper  to  point  out  an  easier  mode  of  show^^ 
ing  the  same  fact.     This  proof  is  furnished  by  the  experiments  •• 
already  described,  in  which  sulphuric  ether  is  made  to  as8aroe=>  - 
alternately  an  aeriform  and  liquid  state,  by  removing  and> 
restoring  the  pressure  of  the  atmosphere. 

Gases,  when  once  formed,  undergo  a  considerable  change^  • 
of  bulk  by  variations  of  external  pressure.  The  general  law,  ^^ 
which  has  been  established  on  this  subject  is,  that  the  volume^l 
of  gases  is  inversely  as  the  compressing  force.  If,  for  example,  c 
we  have  a  quantity  of  gas  occupying  60  cubic  inches,  under 
the  common  pressure  of  the  atmosphere,  it  will  fill  the  space  *< 
of  only  SO  cubic  inches,  or  one  half,  under  a  double  pressure^  it 
of  20  inches,  or  one  3d,  under  a  triple  pressure;  of  15  ^ 
inches,  or  one  4th,  under  four  times  the  pressure;  and  so  on.  i 
When  the  pressure  is  sudden,  heat  is  evolved  from  all  gaso^  n 
and  it  appears,  from  Gay  Lussac's  experiments,  that  different  i 
gases,  when  equally  compressed,  give  out  different  quantitiei 
of  heat,  bearing  probably  a  proportion  to  their  specific  heats. 

The  law  of  the  dilatability  of  gases  by  heat  has  already  been 
stated  to  be  an  enlargement  of  about  tttt^'^  P^^t  of  their  bulk 
for  each  degree  of  Fahrenheit's  scale,  between  the  freezing 
and  boiling  points  of  water.  At  a  temperature  capable  of 
rendering  glass  luminous  (probably  about  1035®  Fahr.),  1  vo- 
lume becomes  about  2.5.t 

When  a  body  heated  to  a  certain  point  is  placed  in  differ- 
ent gases,  under  circumstances  otherwise  similar,  it  is  found 
to  cool  with  very  different  velocities;  in  other  words,  the 
power  of  elastic  fluids  to  conduct  heat  differs  for  different  gases. 
Mr.  Dalton  has  given  a  series  of  experiments  on  this  subject, 
and  Sir  H.  Davy,  having  raised  the  same  thermometer  to  the 
same  temperature,  160°  Fahr.,  exposed  it  to  equal  volumes 
(21  cubic  inches)  of  the  following  gases  at  52°  Fahr. 


•  Sec  liis  ElemciUs,  chap.  I. 
t  Davy,  Phil.  Trauf.  1817.  p.  54. 
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The  times  &r  cooling  down  to  1 06^  were  for 

Min.         Sec. 

Atmospheric  air 2 . .  • .    0 

Hydrogen 0  . ...  45 

Olefiant  gas   • 1  •  •  •  •  15 

Coal  gas     ' 0 ....  55 

Azote • .  • 1 .  • .  •  30 

Oxygen • 1 ....  47 

Nitrons  Oxide    ...2....  30 

Carbonic  Acid 2  .  •  •  •  45 

Chlorine     • . .  •  •  3 . .  •  •    6 

It  appears  from  this  Tables  that  the  powers  of  elastic 
iudt  to  abstract  or  conduct  away  heat  from  solid  surfaces,  is 
in  some  inverse  ratio  to  their  density.  The  nature  of  the 
.  nrfKe  of  the  hot  body,  it  has  been  shown  by  Dulong  and 
Fedl^  does  not  affect  the  conducting  power  of  gaseous  bodies; 
bat  the  state  of  the  gases  themselves,  as  to  moisture  or  dry- 
naa^bas  a  considerable  influence ;  for  moist  gases,  as  is  shown 
by  Coant  Rumford*s  experiments,  conduct  heat  much  more 
ia|Mdly  than  dry  ones. 

Before  dismissing  the  consideration  of  the  gases  in  general, 
there  are  a  few  properties,  which  it  may  be  proper  to  notice, 
with  the  view  of  comparing  the  degree  in  which  they  belong 
to  different  individuals  of  the  class. 

I.  The  exact  specific  gravity  of  the  different  gases  is  a  most 
important  element,  in  calculating  the  proportion  of  the  ingre- 
dients of  compounds,  into  which  they  enter.  Nothing,  indeed, 
can  show  the  importance  of  this  object  more  strikingly,  than 
the  fact,  that  on  the  precise  specific  gravities  of  hydrogen 
and  oxygen  gases,  depend  the  whole  series  of  numbers,  which 
are  used  to  express  the  weights  of  the  atoms  of  bodies  on  the 
Daltonian  theory.  The  following  Table  exliibits  the  specific 
gravities  of  the  most  important  of  this  class  of  bodies. 


TABLE   Of  THE  flPKCIFIC  0»AVITT  01  OUU.* 

Barometer  30.    Thermometer  60°. 


NlMFS    0>    GlIKl. 

S|ifrific 

Wi,  uf 
lOOttib. 

Inchci. 

Author-.iie,. 

1.0000 
I.OUOO 

1.1088 
1.1111 

i.ioaa 

«.5093 

e.60oo 

8.878 
0.0691 
0.0688 
0.97te3 
0.9760 
OAii 
l.llll 
0.8333 

0.9960 
0.5B.SI 
0.5919 
0.3555 
0.6590 
0.97*3 
11.980* 
0.97»« 
0.9653 
1.1805 
e.6*47 
0.5S90 
1.S055 
1,8188 
e.5808 
S.VI90 
6,4TM 
3.«iO 
1.6004 
5.0130 

0.6?S5 
I.5S7T 
I.5S73 

Graioi. 
.10.50 
30.199 

33.g3 
33.888 
33.639 
76.500 
76.850 
B44.679 

s.iia 

g.098 

89.798 
li.870 
33.688 
S5.4I6 

18.18 

18.08 
18.03 
16,944 
17.049 

«9.e5S 
39.90 

99.653 
S9.441 
36.007 
80.663 
16.130 

s:>.060 
65.473 
78.714 

67.679 
166.967 
105.857 

4M.81S 
138.896 

19.016 

4U.597 
46.5S8 

Shuck  biirjh. 

SlMPLN  GAI». 

Allen  aod  Pepji. 

8erielU,«ndDuloo|. 

D„,,. 

Indiiie  (rapoor) 

Thonxao. 

m^nT°::;;:;;;::;:f^;:!!::;:" 

BerzrliDinDd  Dalone. 

llrrKrIiusandDoloof, 

C«rhon  (nipoor)' 

Thomion. 

Oltlo. 

CoMPOuKD  CoxDurriaLE. 

Allen  and  Prpji. 

Dilio 

llerzellDiaodDolong. 

BerxliuiaadDilloif. 

Bl-corbureled  ditio  (Mefiaol) 

rhominn. 
Brrieli<iiaDdD«lM|. 

Thnmtoa. 

UUto. 

LDillo. 

rJHJ    LUKBC. 

J^^^"o^\"y^\\v.''^\" '".'.'.'. 

tterzeliniaodDolonir. 

BeriHi.li  nod  DaloDt. 

bydrl.«llc  (dlllo) 

chloric  Cdl»-)..  

Oilro. 

Turpeniioe,  oil  oV  (dliio) 

OlIDEI. 

ThCIIDiOD. 

TI.L.an. 

BerzelltitniidDuIont 

*  Gay  Lussac's  Table,  which  is  more  copious,  btit  in  which  the  niiin* 
ben  ire  not  reduced  too  mean  of  ihc  Larniiieter  and  iheimoineler  itcopied 
into  Thonison'i  Annals,  ix.  iG. ;  a  Table  by  Professor  Meinccke  or  Halle 
i)  inserted  in  the  Journal  of  Science,  &c.  UL  415.  Dr.  Thomson'!  elabo- 
rate paper  on  this  subject  ig  printed  in  the  iGlh  volume  of  AnnaU  o(  Phi- 
losophy; and  Beraeliu)  and  Dulong'i  ia  the  16th  volume  of  Aaoilei  ds 
Chim.  el  da  Physique. 
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71i*&  of  OneM  tontinmed. 


Kaxd  or  Casks. 


QiMn  eontimmed. 
•side 


k  oxide 


Wt.  of 
100  cob. 
inches. 


ie  (Pbosfooe). 
Ic  (Tmpour) 


J.04I6 
1.0010 
0.9788 

0.9787 


1.5877 

1.5840 

S.4788 

8.1580 

8.9709 

S.57S5 

4.3750 

0.9Sfl8 

1.8847 

8.4850 

i  8^8888 

(Toponr) 8.7777 


Aulhorilirs. 


Grolni, 

31.770  ThoiDton. 

90.530  BcrzHinsaod  Dulonr. 

89.d58  Thomtoii. 


89.667 


lie  (vapovr). 


Bcrzcliu«and  Duloof. 


I 


46.597   Thomson. 

46.481  IRrrzelinsandDoloag. 
105.908  .Thomson. 

65.636  I  Ditto. 

78.918  Ditto. 
108.008  Ditto. 
133.434   DIcto. 

88378    Ditto. 

39.183    Ditto. 

73.96    ;8ir  II.  Davy. 

67.777  iThomsoD. 

84.698    Ditto. 


IL  All  solid  bodieSj  that  possess  a  certain  degree  of  porosity ^ 
mmpable  of  absorbing  gases.  This  was  first  observed  in  char- 
chI,  the  power  of  which  to  condense  different  gases  will  bo 
Uj  described  in  the  section  on  that  substance.  It  has  been 
faad,  also,  by  Saussure,  jun.  to  belong  to  a  stone  called 
■eerschaum,  to  adhesive  slate,  asbestos,  rock  cork,  and  other 
■ioerals ;  and  to  raw  silk  and  wool.  The  following  general 
principles  are  deducible  from  the  experiments  of  Saussure.* 

1.  It  is  necessary  to  deprive  the  solid  of  the  air  which  it 
aatorally  contains*  When  of  a  nature  not  to  be  injured  by 
hctt,  this  is  most  effectually  done  by  igniting  the  solid,  and 
qaenching  it  under  mercury,  where  it  is  to  be  kept,  till  ad- 
mitted to  a  given  volume  of  the  gas  to  be  absorbed.  Solids 
that  are  decomposable  by  heat  may  be  deprived,  though  less 
effectually,  of  air,  by  placing  them  under  a  receiver,  which 
Bast  then  be  exhausted  by  the  air-pump. 

5.  The  same  solid  absorbs  different  quantities  of  different 
ipoei.  Charcoal  for  instance  condenses  90  times  its  bulk  of 
ammoniacal  gas,  and  not  quite  twice  its  bulk  of  hydrogen. 

3.  Solids,  chemically  the  same,  absorb  different  quantities 
of  the  same  gas,  according  to  their  state  of  mechanical  aggre- 


*  Thornton's  Aooalf,  vi.  841. 
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gation.  Thus  the  dense  charcoal  of  box-wood  absorbed  7^ 
volumes  of  air,  while  a  light  charcoal^  prepared  .froin  cork, 
did  not  absorb  a  sensible  quantity. 

4.  Diiferent]]solids  absorb  different  quantities  of  the  same 
gas ;  the  quantity  of  carbonic  acid  absorbed  by  charcoal  being 
about  seven  times  greater  than  that  absorbed  by  meerschaum* 

5.  When  the  solid  exerts  no  chemical  action  on  the  gas, 
the  absorption  is  terminated  in  24  or  36  hours. 

6.  The  effect  of  moistening  the  solid  is  to  retard  the  absorp- 
tion and  to  diminish  its  amount :  and  when  a  gas  has  actually 
been  absorbed,  it  is  again  driven  out  unchanged,  partly  by 
water  of  the  ordinary  temperature,  and  entirely  by  exposure 
to  a  boiling  heat. 

?•  During  the  absoption  of  a  gas  by  a  solid,  the  tempera* 
ture  of  the  latter  rises  several  degrees,  and  bears  a  proportion 
to  the  absorbability  of  the  gas,  and  the  rapidity  with  which  it 
is  condensed. 

8.  Solids  condense  a  greater  number  of  volumes  of  the  more 
absorbable  gases,  under  a  rare  than  under  a  dense  atmosphere; 
but  if  the  absorption  be  reckoned  by  weight,  it  is  most  consi- 
derable under  the  latter  state. 

9.  When  a  solid  saturated  with  any  one  gas  is  introduced 
into  an  atmosphere  of  any  other  gns,  a  portion  of  the  first  is 
expelled,  and  a  part  of  the  second  takes  its  place. 

III.  Gases  are  absorbed  by  liquids.  On  this  subject  the  fol- 
lowing general  principles  may  be  laid  down. 

1.  The  same  liquid  absorbs  different  quantities  of  different 
gases.  Thus  water  takes  up  its  own  bulk  of  carbonic  acid, 
and  not  one  fiftieth  of  its  bulk  of  hydrogen  gas. 

2.  DiflTerent  liquids  absorb  different  quantities  of  the  same 
gas.  Alcohol,  for  instance,  absorbs  almost  twice  as  much  car- 
bonic acid,  as  is  taken  up  by  an  equal  volume  of  water. 

3.  The  absorption  is  promoted  by  first  freeing  the  liquid 
from  air,  either  by  long  continued  boiling  in  a  vessel  with  a 
narrow  neck,  or  by  the  air-pump.  It  requires,  also,  brisk 
and  long  continued  agitation,  especially  with  the  less  absorb- 
able gases. 

4.  It  does  not  appear  that  the  gases  are  absorbed  by  all 
liquids  in  the  same  order.  For  example,  of  four  gases,  naphtha 
absorbs  most  olefiantgas;  oil  of  lavender  most  nitrous  oxide: 


SKT.  T. 


QESEnU.  PR0PETITIE9   OF  GASES. 


H9 


olive  oil  most  carbonic  acid ;  and  solution  of  muilate  of  potash 
mo!^t  carbonic  oxide. 

5.  Tbe  viscidity  of  liquids,  tliougli  it  does  nut  much  influ- 
ence the  amount  nbsorbcd,  occasions  a  longer  lime  to  be  i^poiit 
in  effeclinf;  the  absorption.  On  the  olher  hand,  the  amount 
of  any  gas  which  is  absorbed  by  wntev,  ia  dimiuislicd  by  first 
dissolving  in  the  wnlcr  nny  saline  substance. 

C.  In  general  the  ligliiest  liquids  possess  the  greatest  power 
of  absorbing  gases ;  whereas,  when  there  is  no  evident  chemi- 
cal action,  the  heaviest  gases  are  absorbed  most  copiously  and 
rapidly  by  the  same  liquid. 

7.  The  temperature  of  a  Hfjuid  is  raised  by  the  absorption 
of  a  gas,  in  proportion  to  the  amount  and  the  rapidity  of  the 
absorption. 

8.  In  all  liquids  the  cjuantitics  of  gases  absorbed  are  directly 
as  the  pressure.  For  example,  a  liquid,  which  absorbs  its 
own  bulk  of  gas  under  the  pressure  of  the  atmosphere,  will 
still  absorb  its  own  bulk  of  the  same  gas  under  double,  triple, 
&c-  pressure ;  but  its  own  bulk  of  gas,  twice  compressed,  is 
equal  to  double  Its  bulk  of  gas  ordinarily  compressed,  and  so 
on.  The  proofs  of  this  law,  I  have  given  at  length  in  the 
Philosophical  Transactions  for  1803. 

9.  When  water,  or  probably  any  other  liquid,  U  agitated 
with  a  limited  quanlity  of  any  mixture  of  two  gnscs,  it  docs 
not  absorb  one  gas  to  the  exclusion  of  the  other,  but  absorbs 
a  portion  of  both.  In  this  case,  the  density  of  each  gas  in  the 
water  or  liquid  has  a  constant  rdation  to  that  without,  Jor  the 
same  gas.  Thus  in  carbonic  acid  gas,  the  density  is  the  same 
within  and  without  the  water;  in  olefiant  gas  and  phosphurct- 
ed  hydrogen,  the  density  within  is  1-Sth  of  that  without ;  in 
oxygen  and  corbiirclcd  hydrogen,  &c.  the  density  within  is 
l-a7lh  of  that  without;  in  azote  and  hydrogen,  it  is  about  l-50lh, 
(wcording  to  Dal  [on,  though  he  originally  slated  it  to  be  1-C4tli, 
under  the  impression  that  the  distances  of  the  particles  nithiti 
were  nlways  some  multiple  of  those  without.  This  concise 
enunciation  of  tiie  general  law,  deduced  by  Mr.  Dalton 
from  his  experimental  enquiries,  will  be  belter  understood  by 
the  illuBtrationg  contained  In  a  paper  published  in  the  Annals 
of  Philosophy,  vii.  216,  where  the  reader  will  find  a  formula  for 
ascertaining  the  quantities  of  mixed  gases  absorbed  by  water. 
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The  principle^  on  which  gases  are  absorbed  and  retained  hy 
liquids,  is  still  a  subject  of  controvei*sy.  By  Berthollet,  Thom- 
son, Saussure,  and  the  generality  of  chemists,  it  is  ascribed,  in 
all  cases,  to  the  exertion  of  a  chemical  affinity  between  the  gas 
and  the  liquid  ;  but  it  is  contended  by  Mr.  Dalton  and  mjrself 
that  the  effect  in  most  cases  is  chiefly,  if  not  wholly,  mechani- 
cal .  The  discussion  would  lead  me  into  details  of  too  great  a 
length :  and  I  refer,  therefore,  for  a  statement  of  the  argu- 
ment, to  two  papers  which  I  have  published  in  the  8th  and 
9th  volumes  of  Nicholson's  Journal;  to  Mr.  Dalton's  New 
System  of  Chemical  Philosophy ;  and  to  his  essay,  in  the  7th 
volume  of  Dr.  Thomson's  Annals,  which  contains  a  i^ply  to 
the  objections,  advanced  against  the  mechanical  theory  by 
Saussure,  in  the  6th  volume  of  the  same  work. 

IV.  The  velocities,  with  which  difierent  gases,  when  con- 
densed artificially  by  the  same  degree  of  pressure,  escape 
through  a  capillary  tube,  has  been  shown  by  Mr.  Faraday  to 
vary  very  considerably.*  The  following  table  exhibits  the  com- 
parative times  required  by  some  of  the  gases  to  escape  from  a 
vessel  in  which  they  were  all  equally  compressed  at  the  outset, 
till  their  density  arrived  at  an  atmosphere  and  a  quarter. 

Carbonic  acid  required 1.56.5  minutes. 

defiant  gas 135.5 

Common  air 128 

Coal  gas 100 

Hydrogen 57 

These  difTercnccs  cease  to  exist  at  low  pressures;  for  equal 
volumes  of  hydrogen  and  olefiant  gases  passed  through  the 
same  tube,  at  equal  low  pressures,  in  almost  the  same  time. 
Tbrougli  small  needle  holes,  hydrogen  gas,  pressed  by  a  small 
coluojn  of  mercury,  escaped  about  three  times  more  quickly 
than  olefiant  gas.     Increasing  the  pressure,  the  same  propor- 
tions weire  observed ;  and   also,  though  not  to  the  same  de* 
gree,  H-l:icn  the  gases  were  cxi>elled  through  slits  cut  by  a 
penknifVi^.    Both  glass  and  metal  tubes  produced  tiic  effects 
and  it  \^-as  heightened  as  the  gas  was  made  to  pass  more  slowly 
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through  the  lube,  and  this  whether  the  increased  time  were 
ausecl  hy  diminished  jiresaure,  increased  leiigih  of  tuhc,  or 
liimtnished  diameter.  The  specific  {jravity  of  the  gases  seems 
to  have  no  influence,  for  carbonic  acid,  olefiant,  and  oxygea 
gues,  under  the  same  pressure  and  other  equal  circumstance^ 
required  respectively  4'  6",  3'  3",  and  5'  45",  for  the  escape 
of  the  same  quantity  of  g.ts,  numbers,  as  will  be  seen  front 
the  foregoing  Table  of  Specific  Gravity  of  Gases,  bearing 
no  proportion  to  their  relative  weights.  Wliat  is  singular  ia 
these  results  is,  that  the  ratio  for  the  same  gas  rnrics  with 
the  pressure,  and  that  this  variation  differs  in  different  gaseff. 
Thus  the  one  which  passes  with  the  greatest  facility  at  low 
pressures,  passes  with  the  least  at  high  pressures. 

ITlis  investigation  has  been  pursued  and  extended  liy  M. 

Girard.  (An.de  Chim.  etde  Phys.xvi.  129.)    Hewaspcrmit- 

L  J|d  to  tise  for  his  experiments  the  (jazometer  and  pipes  bclong- 

■^■jUDoneof  the  gas  lighting  establishments  at  Paris,     The 

I^^B  operated  upon  were  common  air,  and  carbureted  hy- 

WVKffBD,  which,  when  allowed  to  escape  at  different  distances 

from  the  gazometer,  tbrougb  equal  apertures  in  a  three  inch 

pipe,  and  tinder  the  same  pressure,  gave  the  following  results: 

I  The  distances  being 1288,  3758,  6228 

The  quantiticsofcarb.hyd.  were  1281,     710,     541 
'  Ditto  of  common  air 902,     5*1,     394 

The  escape  of  carbureted  hydrogen,  therefore,  considerably 
k     exceeded  that  of  common  air,  but  not  in  proportion  to  its  in- 
ferior specific  gravity,  wliich  is  not  much  more  than  half  that 
I      of  the  atmosphere,  while  the  excess  in  the  escape  of  the 
lighter   gas  is  far  from  being  double  that  of  the  lieavier. 
Similar  results  were  obtained   when  the  gases  were  expelled 
through  tubes  of  7  lines  in  diameter,  or  through  an  aperture 
in  the  aide  of  the  gazometer,  the  lighter  gas  being  discharged 
in  both  cases  the  most  abundantly.     In  the  latter  case,  each 
gas  escaped  11  limes  faster,  than  when  it  had  to  traverse  a 
tube  of  the  same  diameter  as  the  hole,  and   127  metres  in 
length.     In  all  casos,  equal  quantities  of  gas,  in  any  one  expe- 
riment, escaped  in  equal  times. 
These  phenomena  of  the  movement  of  gases  through  pipe>» 
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M.  Girard  shows,  arc  exactly  the  same  as  those  of  the  linear 
movement  of  incompressible  fluids;  and  he  draws  several 
conclusions,  which  are  important  to  those  practically  en- 
gaged in  operations  that  require  the  transmission  of  gases 
through  long  tubes ;  for  which,  however,  I  must  refer  the  rea- 
der to  the  memoir  itself. 

V.  The  cohitr  of  the  electric  spai%  when  transmitted  through 
different  gases,  has  been  observed  by  De  Grotthus*  to  be  as 
follows : 

In  atmospheric  air  of  double  density,  the  spark  was  more 
brilliant,  but  not  coloured. 

In  hydrogen  gas purple. 

—  phosphuretcd  hydrogen red. 

—  ammonia red. 

—  dry  carbonic  acid  gas violet. 

—  oxygen  gas ditto. 

—  aqueous  vapour orange. 

—  vapolir  of  ether  ">  ,    , 

,. '       ^  ,     ,    ,  C celadon  m-een. 

—  ditto  o\  alcohol  3 

The  general  inference  from  his  experiments  is,  that  the 
intensity  of  electric  light  is  always  in  a  direct  proportion  to 
the  density  of  the  gas,  and  in  the  inverse  proportion  to  the 
conducting  power  of  the  gas  for  electricity. 

VI.  T^hc  comparative  sojvf(>rou^  properties  of  the  gases  ha^ye 
been  determined  by  Messrs.  Kerby  and  Merrick  ;  but  as  these 
belong  rather  to  mechanical  than  to  chemical  science,  I  shaU 
content  myself  with  referring  to  the  account  of  them  in  the 
27th  and  38d  volumes  of  Nicholson's  Journal,  and  in  Uie  45th 
volume  of  the  Philosophical  Magazine. 


SECTION  VI. 

Specific  Caloric. 

ISgUAL  weights  of  the  same  body,  at  the  same  temperature 
c^tein  the  same  quantities  of  caloric.     But  equal  weights  of 

*  S2  An.  de  Chim.  34. 
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ifmil  bodies,  at  the  same  temperature^  contain  unequal 

qibndties  of  caloric.      The  quantity  of  caloric,  which  one 

faodj  oootaios^  compared  with  that  contained  in  another,  is 

cJkd  its  ipecific  caloric  ;  and  the  power  or  property,  which 

BiUei  bodies  to  retain  different  quantities  of  caloric,  has  been 

cilkd  capacity  for  caloric.     The  term  specific  heat  has  been 

wployed  also  to  denote  the  quantity  of  caloric  which  a  body 

Rqoires,  in  order  to  be  heated  a  single  degree^  or  through  a 

certuo  nomber  of  degrees,  relatively  to  that  required  by  any 

fldier  body  to  produce  the  same  change.     The  method  of  de- 

tcnniniDg  the  specific  caloric  of  different  bodies,  is  as  follows : 

It  has  already  been  observed,  that  equal  weights  of  the 

Mf  body,  at  different  temperatures,  give,  on  admixture,  the 

m'thmetical  mean.     Thus,  the  temperature  of  a  pint  of  hot 

vtter  aad  a  pint  of  cold,  is,  after  mixture,  very  nearly  half 

nj  between  that  of  the  two  extremes.     But  this  is  not  the 

cue,  when  equal  quantities  of  different  bodies,  at  different 

toperatures,  are  employed. 

(fl)  If  a  pint  of  quicksilver  at  100°  Fahrenheit,  be  mixed 
^  a  pint  of  water  at  40^  the  resulting  temperature  will  not 
fc  70°  (the  arithmetical  mean),  but  only  60°.  Here  the  quick- 
«lTer  loses  40°  of  heat,  which  neverthelubs  raise  the  tempera- 
toe  of  the  water  only  20°:  in  other  words,  a  larger  quantity 
tf  caloric  is  required  to  raise  the  temperature  of  a  pint  of  wa- 
ter, than  that  of  a  pint  of  mercury,  through  the  same  nura- 
*r  of  degrees.  Hence  it  is  inferred,  that  water  has  a  greater 
Opacity  for  caloric  than  is  inherent  in  quicksilver. 

(h)  The  experiment  may  be  reversed,  by  heating  the  water 
toagieater  degree  than  the  quicksilver.  If  the  water  be  at 
W^  and  the  mercury  at  40°,  the  resulting  temperature  will 
^  nearly  80° ;  because  the  pint  of  hot  water  contains  more 
^oric,  than  is  necessary  to  raise  the  quicksilver  to  the  arith- 
'Deiical  mean. 

(c)  Lastly,  if  we  take  two  measures  of  quicksilver  to  one  of 
*ater,  it  is  of  no  consequence  which  is  the  hotter ;  for  the  re- 
^'og  temperature  is  always  the  mean  between  the  two  ex- 
tremes; for  example,  70°,  if  the  extremes  be  100°  and  40°. 
Here,  it  is  manifest,  that  the  same  quantity  of  caloric,  which 
makes  one  measure  of  water  warmer  by  30%  is  sufficient  for 

L  2 
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mnkincr  two  measures  of  quicksilver  warmer  by  the  same  num^ 
ber.  Quicksilver  has,  therefore,  a  less  capacity  than  water 
for  caloric,  in  tlie  proportion,  when  equal  measures  arc  taken, 
of  one  to  two. 

If,  instead  of  equal  bulks  of  quicksilver  and  water,  we  had 
ttiken  equal  weights^  the  disparity  between  the  specific  caloric 
of  the  mercury  and  water  would  have  been  still  greater.  Tbm 
a  pound  of  watei*  at  100%  mixed  with  a  pound  of  mercury  at 
4fO°,  gives  a  temperature  of  97-5-%  or  27-i-°  above  the  arithmeti- 
cal mean.  In  this  experiment,  the  water,  being  cooled  from 
100"  to  97-]%  has  lost  a  quantity  of  caloric  reducing  its  tempe* 
rature  only  2.^^ ;  but  this  caloric,  communicated  to  the  pound 
of  mercury,  has  occasioned,  in  its  temperature,  a  rise  of  no  teas 
than  57i°.  Thereftrre,  a  quantity  of  caloric,  necessary  to 
raise  the  temperature  of  a  pound  of  water  2^-°,  is  sufficient  to 
raise  that  of  a  pound  of  rft^t^wy  57^°;  or,  by  the  rule  of  pro- 
portion, the  caloric.  Which  raises  the  temperature  of  a  pound 
of  water  1%  will  raise  that  of  a  pound  of  quicksilver  about 
23°.  Hence  it  is  inferred,  that  the  quantity  of  caloric  con- 
tained in  water,  is  to  that  contain^  in  the  same  weight  of 
quicksilver  as  23®  to  1%  Or,  "^rting  the  caloric  of  water  at 
1%  that  of  quicksilver  will  be  ^  part  of  1%  or  0.0435.* 

In  a  similar  manner  may  the  specific  heats  of  other  bodies 
be  ascertained.  If  a  pound  of  water  at  100°,  and  the  same 
weight  of  oil  at  50°,  be  mixed,  the  resulting  temperature  is 
not  75°,  (the  mean)  but  83^°;  the  water,  therefore,  has  lost 
only  16^°,  while  the  oil  has  gained  33-J°.  Or  if  equal  weights 
of  water  at  50°,  and  oil  at  1 00°,  be  mixed,  the  resulting  tem- 
perature is  66"J-°,  so  that  the  oil  has  given  out  33^°,  and  the 
water  has  increased  only  16^°.  (Dr.  Thomson's  Chemistry, 
vol.  i.)  Hence  the  heat,  which  raises  a  given  weight  of  water 
1°,  will  raise  the  same  weight  of  oil  2°;  and  as  the  specific 
heats  are  inversely  as  the  changes  of  temperature,  the  specific 
heat  of  water  may  be  called  1,  and  that  of  oil  0.5. 

In  some  instances,  it  is  not  possible  intimately  to  mix  toge- 
ther the  bodies  under  examination.     When  the  specific  heat 


•  The  above  numbers,  which  differ  from  those  commonly  stated,  arc 
given  on  the  authority  of  Mr.  Dalton. 
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tf  a  solid  mass  of  metal  is  to  be  ascertained,  it  may  be  heated 
dmngiioat  to  a  certain  degree,  and  then  surrounded  by 
vtterof  S2°,  observing  the  increase  of  temperature  which  is 
pioed  by  the  water,  and  calculating  the  specific  heat  in  the 
one  aumner  as  before.  This  was  the  method  of  Wilcke ; 
but  Lavoisier  and  Laplace  substituted  ice  for  water,  placing,  by 
Bans  of  an  apparatus  called  the  Calorinwier,  the  heated 
M?  in  the  centre  of  a  quantity  of  ice,  and  determining  the 
akfic  evolved,  by  the  quantity  of  ice  melted  in  each  in- 


Wheni^is  comparison  is  extended  to  a  great  variety  of  bo- 
SOf  they  will  be  found  to  differ  very  considerably  in  their  ca- 
pKities  for  caloric.  The  results  of  numerous  experiments  of 
lUskind  are  comprised  in  a  table  of  specific  caloric* 

The  capacities  of  bodies  for  caloric  influence,  considerably, 
it  rate  at  which  they  are  heated  and  cooled.  In  general,  * 
ittt  bodies  are  most  slowly  heated,  and  cool  most  slowly, 
ilidi  have  the  greatest  capacities  for  heat.t  Thus,  if  water 
llqiiicksilver  be  set,  in  similar  quantities,  and  at  equal  dis- 
tees  before  the  fire,  the  quicksilver  will  be  much  more  ra> 
fSj  heated  than  the  water ;  and,  on  removal  from  the  fire,  it 
'•in  cool  with  proportionally  greater  quickness  than  the  water. 
By  ascertaining  then  the  comparative  rates  of  cooling,  we  may 
determine,  with  tolerable  exactness,  the  specific  caloric  of 
bodies. 

It  has  been  doubted  whether  the  specific  heats  of  bodies 
are  permanent  so  long  as  they  retain  their  form;  in  other 
words,  whether  a  quantity  of  heat,  which  raises  a  body 
tfaroDgh  a  certain  number  of  degrees  at  any  one  temperature, 
will  raise  it  through  an  equal  number  of  degrees  at  other  tem- 
peratures. This  subject,  to  which  Mr.  Dalton  had  formerly 
turned  his  attentioR,:^  has  been  lately  investigated  more  com- 
pletely by  Petit  and  Dulong.§  They  heated  the  body  to  be 
tried  to  the  required  temperatures,  and  ascertained  -what 
Damber  of  degrees  of  heat  it  communicated  to  a  certain  quan- 
tity of  water.  Repeating  these  trials  at  various  points  of  the 
thennometric  scale,  they  found  that  the  specific  heats  of  bodies 


•  See  the  Appendix.  t  See  Martine,  on  Heat,  page  74. 

New  Syitem,  vol.  i.  p.  53.  §  AnnaU  of  Philosopliy,  xiii. 
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are  greater  at  high   than  at  low  temperatures.      Thus  the 
specific  heat  of  iron  was  found  to  be  as  follows : 

C  entigrade.  Si>ocific  beat. 

From  0  to  lOO*' 0.1098 

0  to  200° 0.1 150 

0  to  300^ 0.1218 

0  to  350° 0.1255 

The  same  law  was  found  to  extend  to  various  other  bodies, 
as  is  shown  by  the  following  Table  : 


Sp.  heats  between 
0°  ai»d  100°  cent. 


Sp.  beats  betwacn 
0°  anMOO^  cent. 


Mercury 0.0330 0.0350 

Zinc 0.0927 0.1015 

Antimony   0.0507  0.0549 

Silver 0.0557  0.0611 

Copper 0.0949  0.1013 

Platinum 0.0355  0.0355 

Glass 0.1770  0.1900 

Another  important  law,  deduced  by  Petit  and  Dulong, 
from  their  researches  on  heat  is,  tliat  the  atoms  of  all  simple 
bodies  have  pi'ecisely  the  same  specific  heat.  This  will  appear 
from  the  following  Table,  the  third  column  of  which  ex- 
presses differences  so  small,  that  they  may  reasonably  be  im- 
puted to  unavoidable  inaccuracies  in  the  niclhod  of  deter- 
mining the  true  weights  of  the  atoms. 


sp.  heats,  that 
of  water  being 
1. 

Wght.  oftbe. 
atoms,  that  of! 

oxyg.  being  1 . 

1 

Product  of  tbe 
weight  of  tbe 
atom    by  tbe 
$p.  lieat. 

Bismuth  ••••..* 

0.0288 
0.0293 
0.0298 
0.0314 
0.0514 
0.0557 
0.0927 
0.0912 
0.0949 
0.1035 
0.1100 
0.1498 
0.1188 

13.300 

12.950    i 

12.430    ' 

11.160 

7.S50 

6.750 

4.030 

4.030 

3.957 

3.690 

3.392 

2.460 

2.011 

0.3830 

licad •••• 

0.3794 

Gold 

0.3704 

Platinum 

0.3740 

Tin 

0.3779 

Silver 

0.3759 

Zinc 

0.3736 

'1  ellurium 

0.3675 

CooDer • 

0.S755 

Nickel 

0.3819 

Iron 

0.3731 

Cobalt 

0.3685 

Sulphur 

0.3780 

'.n. 
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Ik  determinatiou  of  the  specific  heat  of  gases  is  a  difficult 
ad  important  problem,  which  has  successively  employed  the 
kboor  and  ingenuity  of  Crawford,  Lavoisier  and  De  la  Place^ 
Leslie,  Gay  Lussac,  Dalton,  Delaroche  and  Berard,  and  Cle- 
■ent  aDd  Desonnes.  The  details  of  the  experiments  of 
Wiroche  and  Berard  are  given  in  the  85th  volume  of  the 
Anoilesde  Chimie,  preceded  by  an  historical  review  of  the 
Uoan  of  their  predecessors.  The  following  Table  contains 
tkegeoeral  results : 

TABLE  OF  THE  SPECIFIC  HEATS  OF  SOME  GASES. 


Na  ks  of  Gases. 


Atmospheric  air 
Hjdrogen  gas . . 

&Jgen  gas 

Srogen  gas . . . 
f^rras  oxide  . . 
^Ikfiant  gas . .  • . 
[  wonic  oxide  • 
frbonic  acid  . . 


Under  equal 

Under  equal 

volumes. 

weights. 

1.0000 

1 .0000 

0.9033 

12.340 

0.9765 

0.8848 

1.0000 

1.0318 

1.3503 

0.8878 

1 .5530 

1.5763 

1.0340 

1 .0805 

1.2.083 

0.8280 

Specific 
gravities. 


1.0000 

0.0732 
1.1036 
0.9691 
1 .5209 
0.9885 
0.9569 
1.5196 


Taking  water  as  unity,  the  specific  heats  of  the  gases  arc 

I  follow  : 

Table  of  the  Specfiic  Heats  of  (he  Gases^  water  being  taken 

as  unity. 

Water    1.0000 

Atmospheric  air    0.2669 

Hydrogen  gas 3.2936 

Carbonic  acid 0.2210 

Oxygen 0.2361 

Azote 0.2754 

Protoxide  of  azote 0.2369 

Olefiant  gas 0.4207 

Oxide  of  carbon    0.2884 

Steam  of  water 0.8470 

After  having  thus  determined  the  specific  heats  of  the  gases^ 
MM.  de  la  Roche  and  Berard  ascertained  that  the  spc- 
ofic  heat  of  any  one  gas,  considered  with  respect  to  its  volum% 
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augments  with  its  density,  but  in  a  proportion  less  than  tl 
increase  of  density.  On  this  subject^  M.  M.  Clement  ai 
Desormes  have  given  the  following  resuhs : 

Under  the 

pressure  of  Sp.  heat. 

in.  of  mer. 

Atmospheric  air 89.6  1 .215 

Ditto 29.84  1.000 

Ditto 14.92  0.69S 

Ditto 7.44  0.540 

Ditto 3,74  0.568 

Azotic  gas 29.84  I.OOO 

Oxygen 29.84  1.000 

Hydrogen 29.84  0.664 
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CHAPTER  IV, 


OF   LIGHT. 


The  laws  of  light,  so  far  as  they  relate  to  the  phenomena  of 
iti  moTement,  and  to  the  sense  of  vision,  constitute  the  science 
of  optics;  and  are  the  objects,  therefore,  not  of  Chemistry, 
te  of  Natural  Philosophy.  It  may  be  proper,  however,  by 
ibriefstatement  of  its  physical  properties,  torccal  them  to  the 
■emoiy  of  the  reader. 

1.  The  light  of  the  sun  moves  with  the  velocity  of  200,000 
des  in  a  second  of  time,  in  consequence  of  which  it  passes 
ftnxigh  the  whole  distance  between  the  sun  and  the  earth  in 
ioDt  eight  minutes. 

idly.  While  it  continues  to  move  through  a  transparent 
uliQm  of  uniform  density,  its  motion  is  in  perfectly  straight 
ks,  but  in  passing  obliquely  out  of  one  medium  into  another, 
inndergoes  a  change  of  direction.  If  the  new  medium  be 
inser  than  the  old,  the  ray  of  light  is  bent  or  refracted  nearer 
to  the  perpendicular;  but  in  passing  out  of  a  denser  into  a 
Jiwcr  medium  it  is  refracted  from  the  perpendicular ;  and 
"tere  is  a  constant  proportion  between  the  sine  of  the  angle  of 
incidence  and  that  of  refraction.  Transparent  media,  also, 
^only  cause  a  change  of  the  direction  of  a  ray,  but  decom- 
P^  it  into  its  constituent  parts,  an  effect  which  has  been 
^ed  dispersion. 

3.  In  general  the  amount  of  refraction  is  proportional  to 
density  of  a  body,  but  inflammable  substances  cause  a 
peater  refraction  than  might  have  been  inferred  from  their 
Cities,  and  the  refractive  power  of  the  same  inflammable 
^Dstance  bears  a  proportion  to  its  perfection,  insomuch  that 
«»  property  may  be  used  as  a  test  of  its  purity.  Thus  Dr.- 
Wollaston  found  that  genuine  oil  of  cloves  has  a  refractive 
P^er  of  1.535,  while  that  of  an  inferior  quality  did  not  ex- 
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ceed  IA9S.  The  powers  of  the  gases  to  refract  light  are  ex- 
hibited in  the  following  table  by  MM.  Biot  and  Arago,  from 
which  it  appears  that  the  combustible  gases  sui7)ass  the  others 
in  this  property,  and  that  hydrogen  gas  exceeds  them  all. 

Table  of  the  Refracting  Powers  of  different   Gases.  {Therm* 

32°  Fahr.  Bar.  30  in,) 

Atmospheric  air 1 .00000 

Carbonic  acid J  .00476 

Azotic  gas    1 .034:08 

Muriatic  acid  gas    1 .19625 

Oxygen  gas 1.86161 

Carbureted  hydrogen      2.09270 

Ammonia    2.16851 

Hydrogen  gas 6.61436 

4.  When  a  ray  of  light  arrives  at  the  common  sui-face  of 
two  media,  and,  instead  of  passing  from  the  one  into  the  other, 
is  turned  back  into  the  first,  this  turning  back  is  called  re- 

Jiedion.  The  angles  of  incidence  and  reflection  are,  in  this 
case,  always  equal,  whatever  may  be  the  obliquity  of  the  in- 
cident ray. 

5.  All  objects  seen  by  reflection  or  refraction  appear  in  that 
place  or  direction  from  whence  the  rays  were  last  reflected 
or  refracted  to  the  eye. 

6.  There  are  certain  bodies  (Iceland  spar  for  example) 
vrhich  exhibit  a  double  image  of  any  object  that  is  viewed 
through  them,  or  are  said  to  refract  doully.  In  this  case,  one 
portion  of  the  light  is  refracted  according  to  the  common  law, 
the  other  undergoes  an  extraordinary  refraction,  in  a  plane 
parallel  to  the  diagonal  which  joins  tlie  two  obtuse  angles  of 
the  crvstal.  If  the  rav,  which  has  thus  sufiered  double  re- 
fraction,  be  made  to  fall  on  another  crystal  placed  parallel  to 
the  first,  no  new  divi^on  of  the  rays  will  happen ;  but  if  the 
second  crystal  he  placed  in  a  transverse  direction,  that  part  of 
the  ray,  which  before  suffered  ordinary  refraction,  will 
now   undergo  extraordinarv  refraction ;  and  that  which  un* 
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derweDt  extraordinary  refraction  will    now  suffer  ordinary 
icfriciioD. 

7.  A  ray  of  light,  falling  upon  a  polished  surface  of  glass 
at  an  angle  of  35*^  25\  is  reflected  in  a  straight  line  at  the 
ame  angle.     But  if  a  second  plate  of  glass  be  so  placed  that 
die  reflecrted  ray  will  fall  upon  it  likewise  at  an  angle  of  35^  25', 
and  if  the  second  plate  be  slowly  turned  round  its  axis,  without 
larying  the  angle  which  it  makes  with  the  ray  that  falls  upon 
it,  a  curious  phenomena  is  observed.     If  the  planes  of  reflec- 
tion be  paVallel  to  each  other,  the  ray  of  light  is  reflected  from 
die  second  glass  in  the  same  manner  as  from  the  fli*st.     But  if 
tbe second  glass  be  turned  round  a  quadrant  of  a  circle,  so  as  to 
Bike  the  planes  of  reflection  perpendicular  to  each  other,  the 
ibolc  of  the  ray  will  pass  through  the  second  glass,  and  none 
cf  it  will  be  reflected.     When  the  second  glass  is  turned  round 
iBotker  quadrant  of  a  circle,  so  as  to  make  the  reflecting 
{Ihi€s  again  parallel,  the  ray  will  be  reflected  by  the  second 
^as  at  first;  but  when  turned  round  three  quadrants,  the 
lUe  light  will  be  again  transmitted,  and  none  of  it  reflected. 
Ifcder  certain  circumstances,  therefore,  light  can  penetrate 
AiOQgh  glass  when  in  one  position,  but  not  in  another.     In 
lie  latter  case,  it  has  been  termed  by  Mains  polarised  light y  on 
die  supposition  that  the  light  has  been  bent  into  another  po- 
rtion, as  the  needle  is  by  a  magnet.*     For  a  popular  state- 
loent  of  the  discoveries  of  Malus,  the  reader  is  referred  to  the 
S3d  vol.  of  Nicholson's  Journal,  p.   34i;  for  those  of  Dr. 
Brewster  to  the  Phil.  Trans,  for  1813  and  following  years; 
sad  for  the  experiments  of  Biot  and  Arago  to  the  D4th  vol. 
oTAanales  de  Chimie,  or  to  the  Traite  de  Physique  of  the 
ibnner  philosopher. 

Light  is  capable  of  producing  also  important  chemical  ef- 
fects, and  of  entering  into  various  chemical  combinations.  Its 
action  is,  for  the  most  part,  exerted  in  de-oxidizing  bodies; 
and  facts  of  this  kind  cannot  be  perfectly  understood,  until  two 
important  classes  of  bodies  have  been  described,  viz.  those  o 
oxides  and  of  acids.    In  this  place,  therefore,  I  shall  state  only 


*  Thomson's  Chemistry,  i.  16. 
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a  few  of  its  least  complicated  effects ;  and  shall  trace  its  agency 
on  individual  bodies,  as  they  become  the  objects  of  experiment 
in  the  sequel. 

I.  Light,  in  the  state  in  which  it  reaches  the  organ  of  vision, 
it  is  well  known,  is  not  a  simple  body,  but'is  capable  of  being 
divided,  by  the  prism,  into  seven  primary  rays  or  colours, 
viz,  red,  orange,  yellow,  green,  blue,  indigo,  and  violet.  These 
are  refrangible  in  the  above  order,  the  red  being  least  refran- 
gible, and  the  violet  most  so.  The  image  formed  by  the  dif- 
ferent rays,  thus  separated,  constitutes  the  solar  spectrum. 
If  it  be  divided  into  300  parts,  the  red  will  occupy  45  of  these 
parts,  the  orange  27,  the  yellow  48,  the  green  60,  the  indigo 
40,  and  the  violet  80.  Dr.  Wollaston  found,  however,  that 
when  a  beam  of  light  only  ./^th  of  an  inch  broad  is  received 
by  the  eye,  at  the  distance  of  ten  feet,  through  a  dear  pridn 
of  flint  glass,  ou\y  four  colours  are  seen,  viz.  red,  yellowish 
green,  blue,  and  violet.  The  different  coloured  rays,  being 
collected  by  a  lens  into  a  focus,  again  produce  uncolourcd 
light. 

II.  Heat  and  light  are  not  present,  in  corresponding  de- 
grees, in  different  parts  of  the  solar  spectrum.  With  respect 
to  the  illuminating  power  of  each  colour.  Dr.  Herschell  found 
that  the  red  rays  are  far  from  having  it  in  an  eminent  degree* 
The  orange  possess  more  of  it  than  the  red ;  and  the  yellow 
rays  illuminate  objects  still  more  perfectly.  The  maximum  of 
illumination  lies  in  the  brightest  yellow  or  palest  green.  The 
green  itself  is  nearly  equally  bright  with  the  yellow;  but  from 
the  full  deep  green  the  illuminating  power  decreases  very 
sensibly.  That  of  the  blue  is  nearly  on  a  par  with  that  of 
the  red ;  the  indigo  has  much  less  than  the  blue,  and  the 
violet  is  very  deficient.* 

III.  The  heating  power  of  the  rays  follow  a  different  order. 
—If  the  bulb  of  a  very  sensible  air  thermometer  be  moved  in 
succession,  through  the  differently  coloured  rays,  it  will  be 
found  to  indicate  the  greatest  heat  in  the  red  rays;  next  in 
the  green ;  and  so  on,  in  a  diminishing  progression,  to  the 


Philosophical  Transactionii,  1800,  page  2()7. 
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ak  Tlie  precise  effects  of  the  different  rays,  determined 
f  Dr.  Hencbdl's  experiments,  are  as  follows : 

The  thermometer  rose 
A 


lo  the  blue,  in  S  minutes  from  55^  to  S&^ 

' — green,  in  S       54    to  58 

—  yellow,  in  S      56    to  62 

— fall  red,  in  2-i.    66    to  72 

-confines  of  red,  in  2^    58    to  73^ 

IT.  When  the  thermometer  is  removed  entirely  out  of  tlie 
iiiMiof  the  red  rays,  but  with  its  ball  still  in  tlie  line  of  the 
Ktai,  it  rises  even  higher  than  in  the  red  rays;  and  con- 
ntDfise^  till  removed  half  an  inch  beyond  the  extremity 
k  red  rays.  In  this  situation,  quite  out  of  the  visible  light, 
Aermometer  rose  in  2^  minutes  from  61  to  79.  The  ball 
k  thermometer,  employed  for  this  purpose,  should  be  ex- 
■IfsmaU,*  and  should  be  blackened  with  Indian  ink. 
« thermometer  is  better  adapted  than  a  mercurial  one, 
iUbit  the  minute  change  of  temperature  that  ensues. 
KiVTisiBLE  HEAT-MAKING  RAYS  may  be  reflected  by  the 
BC)  and  refracted  by  the  lens^  exactly  in  the  same  manner 
enrys  of  light. 

bcthas  been  ascertained  by  Dr.  Delaroche,  which  seems 
int  OQt  a  close  connection  between  heat  and  light,  and  a 
>l  passage  of  the  one  into  the  other.  The  rays  of  invl- 
^t  pass  through  glass  with  difficulty,  at  a  temperature 
that  of  boiling  water,  but  they  traverse  it  with  a  facility 
i  increasing  with  the  temperature,  as  it  approaches  the 
whoi  bodies  become  luminous.  Frpm  these  experi- 
it  would  appear  that  the  modification,  whatever  it  be, 
nost  be  impressed  on  the  invisible  rays,  to  render  them 
i  of  penetrating  through  glass,  makes  them  approach 
nd  more  to  the  state  in  which  they  must  be,  when  they 
le  eye,  and  occasion  the  sensation  of  vision. 

xllent  thermometers  for  this  purpose,  and  others  requiring  great 
7,  are  made  by  Mr.  Crichton,  of  Glasgow,  and  Mr.  Gary,  of 
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The  experiments  of  Dr.  Hcrschell,  already  confirmed  by 
Sir  H.  Englefield  and  other  philosophers,  were  found  correct 
in  the  main,  when  repeated  by  Mr.  Berard,*  who  observed 
the  same  progressive  heating  power  in  the  rays  from  the 
violet  to  the  red.  But  he  found  the  greatest  beating  power 
in  the  red  extremity  of  the  spectrum,  and  not  beyond  it.  He 
fixed  it  at  the  point,  where  the  bulb  of  the  thermometer  was 
still  entirely  covered  by  the  red  ray ;  and  the  thermometer 
sunk  progressively,  in  proportion  as  the  distance  of  its  bulb 
fi:om  the  red  ray  increased.  Entirely  out  of  the  visible  spec- 
trum, where  Hcrschell  fixed  the  maximum  of  heat,  its  ele- 
vation above  the  ambient  air  was  only  one-fifth  of  what  it  had 
been  in  the  red  ray  itself.  The  reflection  of  invisible  radiant 
heat,  Mr.  Berard  found,  follows  precisely  the  same  law  as  that 
of  light,  and  that  the  rays  of  heat  are  capable  of  polarization 
equally  with  those  of  light. 

V.  Beyond  the  confines  of  the  spectrum  on  the  other  sid^ 
viz.  a  little  beyond  the  violet  ray,  the  thermometer  is  not  af- 
fected ;  but  in  this  place  it  is  remarkable,  that  there  are  also 
invisible  rays  of  a  difierent  kind,  which  exert  all  the  chemical 
effects  of  the  rays  of  light,  and  with  even  greater  energy. 
One  of  the  chemical  properties  of  light,  it  will  hereafter  be 
stated,  is,  that  it  speedily  changes,  from  white  to  black,  the 
fresh-precipitated  muriate  of  silvcr.f  This  effect  is  produced 
most  rapidly  by  the  direct  light  of  the  sun ;  and  the  rays,  as 
separated  by  the  prism,  have  this  property  in  various  degrees. 
The  blue  rays,  for  example,  effect  a  change  of  the  muriate  of 
silver  in  15  seconds,  which  the  red  require  20  minutes  to  ac- 
complish; and,  generally  speaking,  the  power  diminishes  as 
we  recede  from  the  violet  extremity.  But  entirely  out  of  the 
spectrum,  and  beyond  the  violet  rays,  the  effect  is  still  pro- 
duced. Hence  it  appears,  that  the  solar  beams  consist  of 
three  distinct  kinds  of  rays ;  of  those  that  excite  heat,  and 
promote  oxidation;  of  illuminating  rays ;  and  of  de-oxidis- 
IN«  OR  HYDuoGENATiNG  RAYS.  It  has  lately,  also,  been  as- 
serted by  Morrichini,  that  the  violet  rays  have  a  magnetising 
power,  and  are  capable  of  reversing  the  poles  of  a  needle  al- 


•  Thomson's  Annals,  ii.  163.  f  See  chap.  ix.  sect.  36. 
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mdy  magnetic*  A  striking  illustration  of  the  different 
power  of  the  various  kinds  of  rays  is  furnished,  by  their  effect 
«D  phosphoms.  In  the  rays  beyond  the  red  extremity,  phos- 
fboms  is  heated,  smokes,  and  emits  white  fumes ;  but  these 
«e  presently  suppressed,  on  exposing  it  to  the  dc-oxidizing 
njt,  which  lie  beyond  the  violet  extremity. 

"I  fimnd,"  says  Sir  H.  Davy,t  "that  a  mixture  of  chlorine 
tnd  hydrogen  acted  more  rapidly  upon  each  other,  combin- 
ing without  explosion,  when  exposed  to  the  red  rays,  than 
wko  placed  in  the  violet  rays ;  but  that  solution  of  chlorine 
kwiter  became  solution  of  muriatic  acid  most  rapidly,  when 
fkoed  in  the  most  refrangible  rays  of  the  spectrum.  Puce- 
csloarcd  oxide  of  lead,  when  moistened,  gradually  gained  a 
tiot  of  red  in  the  least  refrangible  rays,  and  at  last  became 
Hade,  bat  was  not  affected  in  the  most  refrangible  rays;  and 
Aesame  change  was  produced  by  exposing  it  to  a  current  of 
Ijdrogen  gas.  The  oxide  of  mercury,  procured  by  a  solu- 
■&B  of  potash  and  calomel,  exposed  to  the  spectrum^  was  not 
nngt?d  in  the  most  refrangible  rays,  but  became  red  in  the 
rWt  refrangible  ones,  which  must  have  depended  on  its  ab- 
*bing  oxygen.  The  violet  rays  produced,  upon  moistened 
id  oxide  of  mercury,  the  same  effects  as  hydrogen  gas." 

The  experiments  of  Berardf  confirm  those  of  Hitter  and 
Wollaston.  To  show  the  disproportion  between  the  energies 
rfthe  different  rays,  he  concentrated,  by  means  of  a  lens,  all 
that  part  of  the  spectrum,  which  extends  from  the  green  to 
the  extreme  violet ;  and,  by  another  lens,  all  that  portion, 
which  extends  from  the  green  to  the  extremity  of  the  red.  In 
the  focus  of  this  last  halfj  though  intensely  bright  to  the  eyes, 
muriate  of  silver  remained  above  two  hours  unaltered  ;  but  in 
that  of  the  former  half,  though  much  less  bright,  it  was  black- 
ened in  less  than  six  minutes. 
VI.  There  is  an  exception,  however,  as  stated  by  Dr.  Wol- 


•  Ann.de  China,  et  Phys.  iii.  323  5  Jour,  of  Science,  v.  138  ;  and  Thont- 
lon't  Annals,  xii.  1. 

t£l.ofChem.  Phil.  p.  SU. 

I  ThomioQ*!  Annals,  ii.  165,  and  xvi.  6;  also  Brewster's  Ed.  Journal^ 
i*S3g}  and  Silliinaa'f  American  JouroaU  u  89. 
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laston,  to  the  de-oxidizing  power  of  the  rays  aboTe-mentioned. 
The  substance,  termed  gum-guaiacum,  has  the  property,  when 
exposed  to  the  light,  of  being  changed  from  a  yellowish  0Q» 
lour  to  green ;  and  this  effect  he  has  ascertained  to  be  con* 
nected  with  the  absorption  of  oxygen.  Now  in  the  most  re* 
frangible  rays,  which  would  fall  beyond  the  violet  cxtremify^ 
he  found  that  this  substance  became  green,  and  was  again 
changed  to  yellow  by  the  least  refrangible.  This  is  precisely 
the  reverse  of  what  happens  to  muriate  of  silver,  which  is 
blackened,  or  de-oxidized,  by  the  most  refrangible;  and  has 
its  colour  restored,  or  is  again  oxygenized,  in  the  least  le* 
frangible  rays, 

VII.  Certain  bodies  have  the  property  of  absorbing  the  rays 
of  light  in  their  totality;  of  retaining  them  for  some  time; 
and  of  again  evolving  them  unchanged,  and  unaccompanied 
by  sensible  heat.  Thus,  in  an  experiment  of  Du  Fay,  a  diap 
mond  exposed  to  the  sun,  and  immediately  covered  witk 
black  wax,  shone  in  the  dark,  on  removing  the  wax,  at  the 
expiration  of  several  months.  Bodies,  gifted  with  this  pro* 
perty,  are  called  solar  phosphori.  Such  are  Canton's^ 
Baldwin's,  Homberg's,  and  the  Bolognian  phosphoric  which 
will  be  described  hereafter.  To  the  same  class  belong  seve* 
ral  natural  bodies,  which  retain  light,  and  give  it  out  un- 
changed. Thus  snow  is  a  natural  solar  phosphorus.  So  also 
is,  occasionally,  the  sea  when  agitated;  putrid  fish  have  a 
similar  property;  and  the  glow-worm  belongs  to  the  same 
class.  These  phenomena  are  independent  of  every  thing  like 
combustion;  for  artificial  phosphori,  after  exposure  to  the 
8un*s  rays,  shine  in  the  dark,  or^whcn  placed  in  the  vacuum  of 
an  air-pump,  or  under  water,  &c.  where  no  air  is  present  to 
eflect  combustion. 

VIII.  From   solar  phosphori,  the  extrication  of  light  k 
ihcilitated  by  the  application  of  an  elevated  temperature ;  and, 

baraig  ceased  to  shine  at  the  ordinary  temperature,  they 

^ifht  when  exposed  to  an  increase  of  heat  Severtd 

^o  not  otheTwise  give  out  light,  evolve  it^  or 

f*"?'®****  '^'hen  heated.  Thus,  powdered  floate 

I  Uifiiino^gy  when  thrown  on  an  iron  plate 

nture  r'^ther  above  that  of  boiling  water; 
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and  one  of  its  varieties,  known  to  mineralogists  under  the 
name  of  chlarophane^  gives  out  abundantly  an  emerald  green 
light  bj  the  mere  heat  of  the  hand ;  and  after  being  exposed 
to  the  sun,  or  even  to  a  candle,  continues  to  shine  in  a  dark 
place  for  some  time.*  The  yolk  of  an  egg,  when  dried,  be- 
comes luminous,  on  being  heated ;  and  so  also  does  tallow 
daring  liquefaction.  To  exhibit  the  last  mentioned  fact,  it  is 
merely  necessary  to  place  a  lump  of  tallow  on  a  coal,  heated 
below  ignition,  making  the  experiment  in  a  dark  room. 

IX.  Attrition,  also,  evolves  light.  Thus,  two  pieces  of 
common  bonnet  cane,  rubbed  strongly  against  each  other  in 
the  dark,  emit  a  faint  light.  Two  pieces  of  borax  or  of  quarts 
have  the  same  pro|>erty  much  more  remarkably. 

X.  Light  is  disengaged  in  various  cases  of  chemical  .com- 
bination. Whenever  combustion  is  a  part  of  the  phenomena, 
this  is  well  known  to  happen;  but  light  is  evolved,  also,  in 
other  instances,  where  nothing  like  combustion  goes  forward- 
Thus,  fresh  prepared  pure  magnesia,  added  suddenly  to  highly 
oonoentrated  sulphuric  acid,  exhibits  a  red  heat. 

XI.  For  measuring  the  relative  intensities  of  light  from 
various  sources,  an  instrument  has  been  contrived,  called  the 
FBOTOMBTEiu  That  of  Count  Rumford,  described  in  the 
84pth  volume  of  the  Philosophical  Transactions,  being  founded 
on  optical  principles,  does  not  fall  strictly  within  the  province 
of  tliia  work.  It  is  constructed  on  the  principle,  that  the 
power  of  a  burning  body,  to  illuminate  any  defined  space,  is 
direcdy  as  the  intenoty  of  the  light,  and  inversely  as  the 
aqnare  of  the  distaiTce.  If  two  unequal  lights  siiine  on  the 
tame  sur&ce  at  equal  obliquities,  and  an  opaque  body  be  inters 
posed  between  each  of  them  and  the  illuminated  surface,  the 
tifo  shadows  must  differ  in  intensity  or  blackness;  for  the 
shadow  formed  by  intercepting  the  greater  light  will  be  illu- 
minated by  the  lesser  light  only;  and,  reversely,  the  other 
shadow  will  be  illuminated  by  the  greater  light;  that  is,  the 
stronger  light  will  be  attended  with  the  deeper  shadow.  But 
it  is  easy«  by  removing  the  stronger  light  to  a  greater  distance, 
to  render  the  shadow,  which  it  produces,  not  deeper  than  that 

*  Thomson's  Annals,  ix.  17. 
VOL.  I.  M 
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of  the  smaller,  or  of  precisely  the  same  intensity.  T 
equalization  being  effected,  the  quantity  of  light  emitted 
each  lamp,  or  candle,  will  be  as  the  square  of  the  distance 
the  burning  body  from  the  white  surface. 

The  photometer  of  Mr.  Leslie  is  founded  on  a  differ 
principle^  viz.  that  light,  in  proportion  to  its  absorption,  p 
duces  heat.  The  degree  of  heat  produced,  and  conseqna 
of  light  absorbed,  is  measured  by  the  expansion  of  a  conft 
portion  of  air.  A  minute  description  of  the  ingenious  inafl 
ment  contrived  by  Mr.  Leslie  with  this  view,  may  be  sea 
his  work  on  Heat,  or  in  the  Sd  vol.  of  Nicholson's  4to.  Jc 
nal.  In  its  construction,  it  bears  a  considerable  resembls 
to  the  differential  thermometer,  already  described,  and 
presented  plate  i.  fig.  7.  As  both  the  balls  of  the  UA 
instrument,  however,  arc  transparent,  no  change  ensues 
the  situation  of  the  coloured  liquid  when  it  is  exposed  tol 
variations  of  light.  But,  in  the  photometer,  one  of  the  bi 
is  rendered  opaque,  either  by  tinging  the  glass,  or  by  coTsri 
it  with  a  pigment;  and  hence  this  ball,  absorbing  the  incidi 
light  which  passes  freely  through  the  transparent  one^  the'< 
included  in  it  becomes  warmer  than  that  of  the  other  bl 
and,  by  its  gpreat  elasticity,  forces  the  liquid  up  the  oppoi 
leg  of  the  instrument  A  graduated  scale  measures  the  amoi 
of  the  effect ;  and  a  glass  covering  defends  the  photomi 
from  being  influenced  by  the  temperature  of  the  atmosphen 

Mr.  Brande  has  ascertained  that  by  substituting  etheff 
in  Dr.  Howard's  modification  of  the  differential  thermomel 
the  sensibility  of  the  photometer  is  greatly  increased,  and  tl 
it  becomes  most  delicately  susceptible  of  the  impression 
light.  An  instrument  of  this  sort  he  found  fully  adequate 
determine  the  comparative  illuminating  powers  of  dififen 
gases,  which  cannot  be  done  when  the  photometer  is  fil 
with  air.* 

*  Journal  of  Science,  viii.  f  SO. 
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CHAPTER  V. 

ON   THE    CHEMICAL   AOENCIES   OF   COMMON    AND 
GALVANIC   ELECTRICIXy. 

That  branch  of  natural  science  which  comprehends  the 
phenomena  of  Galvanism,  and  the  general  principles  under 
which  they  are  arranged,  is  only  of  recent  origin.  It  was  not 
till  the  year  1791,  that  Galvani,  an  Italian  philosopher,  being 
-eDgaged  in  a  coarse  of  experiments  on  animal  irritability^ 
observed  accidentally  the  contractions,  which  are  excited  in 
the  limbs  of  frogs,  by  applying  a  conductor  of  electricity  be- 
tween a  nerve  and  a  muscle.  The  theory,  which  he  framed 
to  account  for  this  phenomenon,  was,  that  the  different  parta 
-of  an  animal  are  in  opposite  states  of  electricity,  and  that  the 
effect  of  the  metal  is  merely  to  restore  the  equilibrium.  The 
-analogy,  however,  was  afterwards  shown  to  be  without  foun- 
dation, by  Volta,  who  excite^  similar  contractions  by  making 
-m  connection  between  two  parts  of  a  nerve,  between  two  mus- 
cles, or  between  two  parts  of  the  same  muscle;  but  to  produce 
the  effect,  two  different  metals  were  found  to  be  essential. 
Hence  he  was  led  to  infer  that,  by  the  contact  of  different 
flietals,  a  small  quantity  of  electricity  is  excited  :  and  to  the 
agency  of  this  electricity,  first  upon  the  nerves,  and  through 
their  mediation  on  the  muscles,  he  ascribed  the  phenomena 
in  question. 

Several  years  elapsed,  during  which  the  action  of  galvanic 
electricity  on  the  animal  body,  and  the  discussion  of  its  cause, 
occupied  the  attention  of  philosophers.  Eafly  in  1800,  the 
subject  took  a  new  turn,  in  consequence  of  the  discovery  by 
Signor  Volta  of  the  Galvanic  Pile;*  a  discovery  which  has 
furnished  us  with  new  and  important  instruments  of  analysis^, 
capable,  if  any  such  there  are,  of  leading  to  a  knowledge  of 
the  true  elements  of  bodies.  From  this  period,  discoveries 
have  multiplied  with  a  rapidity,  and  to  an  extent,  which  sur- 


^  Philosophical  Traosactiont,  1800;  or  Philosophical  Magazine,  vii  2^% 
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pass  any  thing  before  known  in  the  history  of  science ;  an< 
&cts  are  now  become  so  numerous,  that  an  arrangement 
classification  of  them  seem  to  be  preferable  to  an  histo 
detail  in  the  order  of  time.  The  method,  which  pppeai 
xne  best  calculated  to  give  a  distinct  view  of  the  subject, 
describe, 

L  The  construction  of  galvanic  apparatus,  and  the  circ 
stances  essential  to  the  excitement  of  this  modification  of  < 
tricity: 

IL  The  factSy  which  establish  its  identity  with  the  ele 
city  excited  by  ordinary  processes  : 

III.  The  agency  of  the  electric  or  galvanic  fluid  in 
ducing  chemical  changes : 

IV.  The  theory,  by  which  these  changes,  in  the  pre 
state  of  our  knowledge,  are  best  explained : 

y.  The  hypotheses,  which  have  been  framed  to  accouo 
the  origin  of  the  electricity,  excited  by  galvanic  arrangemc 
And 

VI.  I  shall  offer  a  very  general  view  of  the  phenomen 
dectro-magnetic  motion,  which,  with  the  principles  dcdui 
from  tbenii  promise  to  throw  light  on  some  of  the  mosi 
teresting,  but  obscure  operations  of  nature. 


SECTION  I. 

Of  the  construction  of  Galvanic  Arrangements, 

For  the  excitation  of  ordinary  electricity,  it  is  well  kn 
that  a  class  of  substances  are  required,  called  eleciricsj  by 
friction  of  which  the  electric  fluid  is  accumulated,  and  f 
which  it  may  be  collected  by  a  difierent  class  of  bodies  ten 
non^Uctrics  or  conductors.  When  friction,  for  exampli 
applied  to  the  glass  cylinder  or  plate  of  an  electrical  macfa 
that  part  of  the  glass,  which  is  in  contact  with  tlie  rubber, 
tracts  the  electric  fluid  from  it,  as  well  as  from  all  other  i 
ducting  bodies,  with  which  the  rubber  is  connected.  \ 
^lassi  rpn^ainiog  instantly  its  natural  state,  repels  the  elec 
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•■id,  wUcfa  is  received  by  the  prime  conductor^  placed  for 
4it  purpose.     All  then  that  is  effected,  by  the  action  of  the 
uchine,  is  a  disturbance  of  the  natural  quantity  of  electricity 
ia  bodies,  or  a  transfer  of  it  from  some  to  others,  in  conse- 
tponce  of  which,  while  the  latter  acquire  a  redundance,  the 
fcnnet  become  proportionally  deficient  in  their  quantity  of 
dtttridty. 
The  conditions  necessary  to  the  excitement  of  galvanic  elec- 
tnoty  are  altogetlier  different ;  for  the  class  of  bodies,  termed 
™ric8,  have  now  no  longer  any  share  in  the  phenomena.  All 
■t  is  required  is  the  simple  contact  of  different  conducting 
Wiawith  each  other;  and  it  has  even  been  found  by  Des- 
i^nesthat  two  discs  of  the  same  metal,  heated  to  different 
Meratures,  give  sufficient  electricity  to  excite  contractions 
'^ legs  of  a  frog,  prepared  for  the  purpose.     Conductors 
lActricity  have  been  divided  into  perfect  and  imperfect^  the 
comprehending  the  metals,  plumbago  and  charcoal^ 
taberal  acids,  and  saline  solutions ;  the  latter,  or  imperfect, 
)g  water,  alcohol  and  ether,  sulphur,  oils,  resins,  me- 
toxides,  and  compounds  of  chlorine. 
8e  least  complicated  galvanic  arrangement  is  termed  a 
F'^Kj:  galvanic  circle.     It  consists  of  three  conductors^ 
[■Oof  which  must  be  of  the  one  class,  and  one  of  the  other 
I**.   In  the  following  Tables,  constructed  by  Sir  H.  Davy, 
■Be  different  simple  circles  are  arranged  in  the  order  of  their 
P^ers,  the  most  energetic  occupying  the  highest  place. 

^^^^^  of  some  Electrical  Arrangements^  tuhich  by  combination: 
Jorm  Voltaic  Batteries^  composed  of  two  Conductors  and  one 
^P^fect  Conductor. 


Each  of  these  is  the  po- 
sitire  pole  to  all  the 
metals  below  it,  and 
negative  with  respect 
lo  the  metals  above  it 
in  the  column. 


Solations  of  nitric  licid, 

of  muriatic  acid^ 
of  sulphuric  acid^ 
of  sal  ammoniac^ 
of  nitre, 

of   other    neutral 
salts. 
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'Table  of  some  Electncal  Arrangements  consisting  of  one  perfect 
Conductor  and  two  impeiject  Conductors. 


A 

Copper, 

Silver, 

Nitric  acid. 

Solution  of  sulphur  and  potash^ 

Lead, 

Sulphuric  acid. 

of  poiathy 

Tin, 

Muriatic  acid. 

of  soda. 

Zinc, 

Any  solutions 

Other  Metals, 

containing  acidl 

Charcoal. 

In  explanation  of  tliese  Tables,  Sir  H.  Davy  observes,  that 
in  all  cases  when  the  fluid  menstrua  afford  oxygen,  those 
metals,  which  have  the  strongest  attraction  for  oxygen,  are 
those  which  form  the  positive  pole.  But  when  the  fluid  men- 
strua afitbrd  sulphur  to  the  metals,  the  metal  which,  under 
the  existing  circumstances,  has  the  stongest  attraction  for 
sulphur,  determines  the  positive  pole.  Thus,  in  a  series  of 
copper  and  iron  plates,  introduced  into  a  porcelain  trough, 
the  cells  of  which  are  filled  with  water  or  with  acid  solutions,^ 
the  iron  is  positive  and  the  copper  negative;  but  when  the 
cells  are  filled  with  solution  of  sulphuret  of  potash,  the  copper 
is  positive  and  the  iron  negative.  When  one  metal  only  is 
concerned,  the  surface  opposite  the  acid  is  negative,  and  that 
in  contact  with  solution  of  alkali  and  sulphur,  or  of  alkali,  is 
positive.* 

The  powers  of  simple  galvanic  circles  are  but  feeble;  but 
they  may  he  made  sufficiently  apparent  by  the  following  expe- 
riments. 

1.  When  a  piece  of  zinc  is  laid  upon  the  tongue,  and  a 
piece  of  silver  under  it,  no  sensation  is  excited,  so  long  as  the 
metals  are  kept  apart ;  but,  on  bringing  them  into  contact,  a 
metallic  taste  is  distinctly  perceived.  In  this  case  we  have  an 
example  of  the  arrangement  of  two  perfect  conductors  (the 
metals)  with  one  imperfect  one  (the  tongue,  or  rather  the 
fluids  which  it  contains).  The  metallic  taste  arises,  in  all 
probability,  from  the  excitement  of  a  small  quantity  of  elec- 
tricity by  the  contact  of  the  metals,  and  its  action  on  the 
nerves  of  the  tonjjue. 


•  El.  ofCheni.  Phil.  p.  148. 
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8.  A  piece  of  cine,  immersed  under  water  which  is  freely 

opoted  to  the  atmosphere^  oxidizes  very  slowly ;  but  when 

flioed  in  the  same  situation,  in  contact  with  a  piece  of  silver, 

ilsaudation  is  much  more  rapid.     By  immersing  iron  and 

dver  (also  in  contact  with  each  other)  under  diluted  muriatic 

sod,  the  action  of  the  acid  upon  the  iron  is  considerably 

incressed;  and  hydrogen  gas  is  evolved  from  the  water,  not 

mahf  where  it  is  in  contact  with  the  iron,  but  where  it  touches 

Ae  nlver.     These  facts  explain,  why,  in  the  sheathing  of 

i^ls,  it  is  necessary  to  use  bolts  of  the  same  metal  which 

finu  the  plates;  for  if  two  different  metals  be  employed,  they 

kdi  oxidate  or  rust  very  speedily,  in  consequence  of  tlieir 

Snuog^  with  the  water  of  the  ocean,  a  simple  galvanic  circle* 

Of  compound  Gabmnic  Circles  or  Batteries. 

GilTaaic  batteries  are  formed  by  multiplying  those  arrange- 
nt^  which  compose  simple  circles.  Thus  if  plates  of  zinc 
:lri  of  silver,  and  pieces  of  woollen  cloth  of  the  same  size  as 
I  ftiplates  and  moistened  with  water,  be  piled  upon  each  other 
f^  77.  pi.  ix),  in  the  order  of  zinc,  silver,  cloth ;  zinc,  silver, 
doth;  and  so  on,  for  twenty  or  more  repetitions,  we  obtain 
t  galvanic  battery  ;  termed,  from  its  discoverer,  the  Pile  of 
foltcu  The  power  of  such  a  combination  is  sufficient  to  give 
t  smart  shock,  as  may  be  felt  by  grasping  in  the  hands,  which 
dKmld  be  previously  moistened,  two  metallic  rods,  and  touch"^ 
ing  with  these  the  upper  and  lower  extremities  of  the  pile. 
The  shock  may  be  renewed  at  pleasure ;  until,  after  a  few 
kwrs,  the  activity  of  the  pile  b^ins  to  abate,  and  finally 
ceases  altogether. 

The  metals,  composing  a  galvanic  battery,  may  be  more 
omveniently  arranged  in  the  form  of  a  trough,  a  happy  inven- 
tion of  Mr.  Cruikshank.  In  a  long  and  narrow  wooden 
trough,  made  of  baked  wood,  grooves  are  cut,  opposite  to 
aod  at  the  distance  of  between  ^  and  ^  of  an  inch  from  each 
other;  and  into  these  are  let  down,  and  secured  by  cement, 
Kpiare  plates  of  zinc  and  copper,  previously  united  together 
by  soldering.  (See  figs.  37  and  78.)  The  space,  therefore^ 
between  each  pair  of  plates,  forms  a  cell  for  the  purpose  ot 
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containing  the  liquid,  by  which  the  combination  is  to  be  made 
active.  The  advantage  of  this  contrivance,  over  the  pile^  is 
partly  that  it  is  much  more  easily  put  in  order;  but,  besides 
this,  it  is  a  more  efficient  instrument.  Wlien  constructed  in 
the  way  which  has  been  described,  it  affords  an  example  of  a 
galvanic  combination  o/'  ihe  first  kiffd^  formed  by  two  perfect 
and  one  imperfect  conductor.  But  it  admits  of  being  modi- 
fied, by  cementing,  into  the  grooves,  plates  of  one  metal  only, 
and  filling  the  cells,  alternately,  with  two  diflcrent  liquids,  as 
diluted  nitric  acid  and  solution  of  sulphuret  of  potash.  In 
this  case,  we  have  a  battery  of  the  second  ordcr^  formed  by  the 
repetition  of  one  perfect  and  two  imperfect  conductors.  For 
all  purposes  of  experiment,  the  first  kind  of  arrangement  is 
universally  preferred. 

Another  modification  of  the  apparatus,  which  may  be  called 
the  Chain  of  Ci/p^^y  was  proposed  by  Volta  at  the  same  time 
that  he  communicated  his  invention  of  the  Pile;  and,  from 
tlie  experiments  of  Mr.  Children,*  it  appears  to  be  a  very 
useful  and  powerful  one.  It  consists  of  a  row  of  glasses 
(see  fig.  To),  such  as  wine  glasses  or  small  tumblers,  for  the 
purpose  of  containing  any  fluid  that  may  be  selected.  Into 
each  of  these  glasses  is  ])lunged  a  plate  of  zinc  and  another  of 
copper,  each  not  less  than  an  inch  square,  which  are  not  to 
touch  each  other.  The  plates  of  different  cups  are  connected 
by  metallic  wires  or  arcs,  in  such  a  manner  that  the  zinc  of 
the  first  cup  communicates  with  the  copper  of  the  second ; 
the  zinc  of  the  second  witli  the  cop^K^r  of  the  third ;  and  so 
on  tlirough  the  whole  row.  The  shock  is  felt  on  dipping  the 
lingers  of  one  hand  i::to  the  fluid  of  the  first  cup,  and  tliose 
of  the  other  hand  into  the  last  of  the  series.  The  superiority 
of  this  arran<rement  consists  in  both  surfaces  of  each  metallic 
plate  being  exposed  to  the  action  of  the  liquid  ;  whereas,  by 
soldering  the  plates  together,  one  of  the  surfaces  of  each  is 
protected  from  the  liquid,  and  contributes  nothing  to  the 
effect.  The  common  trou<xh  has  latelv  been  made  to  com- 
bine  this  advantage,  by  dividing  it  into  cells,  not  by  plates  ^f 
metal,  but  by  i>artitions  of  glass.     Into  each  of  these  oeHs 

*  Philojophicol  TraiMacuons,  ISOO,  p.  as. 
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filioil  with  ihc  proper  licjuid,  a  plate  of  each  metal  is  intro- 
duced, bat  not  so  as  to  touch  each  other.     A  coDimuiiication 
ii  then  made,  by  a  metalHc  arc,  between  the  zinc  phite  of  each 
Geli  and  the  copper  one  of  the  next,  precisely  as  in  the  chain 
of  caps.     More  lately  the  troughs  themselves  have  been  made 
of  cartben  ware,  and  the  partitions  of  the  same  material ;  the 
t^ratus  being  completed,  in  other  respects,  in  the  manner 
ilieady  described.     The  plates,  also,  are  now  so  suspended 
that  when  not  in  use,  they  may  all  be  lifted  out  of  the  cells  at 
OBce.*    And  it  has  been  recently  ascertained  that  the  power 
oft  battery  is  increased  at  leaht  one  half  by  placing  in  eacli 
cdl  one  zinc  and  two  copper  plates,  so  that  each  surface  of 
nnc  may  be  opposed  to  a  surlace  of  copper.f 

The  size  of  the  plates  has  been  varied  from  one  or  two 

SkLcs  to  several  feet.     The  large  battery,  described  by  Mr. 

Children  in  the  Philosophical  Transactions  for  1S15,  con- 

■ted  of  plates  each  six  feet^by  two  feet  eight  inches,  equal  to 

tttqnarc  feet;  and  the  cells  were  capable  of  containing  about 

Ma  gallons  of  liquid.     For  ordinary  purposes,  plates  of  two 

■ies  square  are  sufficient;  but  for  the  decomposition  of 

^cral  bodies,   not  less  than  100  pairs  of  plates,  each  four 

■tics  square,  are  required.:}:     The  enlargement  of  the  size 

'the  troughs,  so  as  to  contain  this  number,   would  be  ex- 

tately  inconvenient;  and  we  may  therefore   combine   the 

power  of  several  troughs,  by  uniting  the  zinc  end  of  the  one 

•itt  the  copper  end  of  the  other,  by  the  intervention  of  a 

■rtallic  wire,  or  by  an  arc  of  silver  or  zinc. 

A  convenient  and  powerful  galvanic  battery  has  been  con- 
ilniaed  by  Dr.  Hare  of  Philadelphia,  of  zinc  and  copper 
ikeets  formed  into  coils.  The  zinc  sheets  were  about  nine 
inches  by  six ;  the  copper  fourteen  by  six ;  more  of  the  latter 
*ctal  being  necessarj',  as,  in  every  coil,  it  was  made  to  com- 
lattice  within  the  zinc,  and  completely  to  surround  it  without. 


•  See  Pcpys  in  Journal  of  Science,  &c.  i.  1 93. 

t  Phil.  Trans.  1815. 

t  Some  useful  information  rcspeciing  the  ntunber  and  size  of  plates, 
•^pted  10  different  purposes,  is  given  by  Mr.  Singer  in  Nicholson's  Jour- 
0*1,  xxiv.  174. 
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The  sheets  were  coiled  so  as  not  to  leave  between  them  an  in* 
terstice  wider  than  a  quarter  of  an  inch.  Each  coil  was  ii 
diameter  about  two  inches  and  a  hall';  their  number  amountm 
to  80  ;  and  by  means  of  a  lever  they  were  made  all  to  desc^M 
together  into  80  glass  jars,  2  inches  and  S-4ths  diameter  io 
side,  and  eight  inches  high,  duly  placed  to  receive  them.  Tb 
effects  of  this  apparatus,  in  producing  ignition,  appear  to  haw 
been  very  striking,  especially  at  the  moment  of  immersi<Hi 
when  Dr.  Hare  found  the  effect  to  be  by  much  the  most  power 
fill.*  An  apparatus  of  80  coils  produced  a  vivid  ignition  ii 
charcoal ;  and  when  the  points  of  the  charcoal  were  drawi 
three-fourths  of  an  inch  apart  from  each  other,  a  most  bril- 
liant arc  of  flame  extended  between  them. 

It  may  be  sufficient  to  add,  in  general  terms,  that  evei^ 
combination,  which  is  capable  of  forming  a  simple  galvanii 
circle,  may,  by  sufficient  repetition,  be  made  to  compose 
battery.  The  combinations,  also,  which  are  most  active  L 
simple  circles,  are  observed  to  be  more  efficient,  in  compoun 
ones.  The  foregoing  tables  of  Sir  H.  Davy  express,  there 
fore,  the  powers  of  compound  as  well  as  of  simple  arrange 
ments. 

To  construct  a  battery  of  the  first  order^  it  is  essential  th^ 
a  fluid  be  employed^  which  exerts  a  chemical  action  upon  oc 
.  of  the  metals.  Pure  water,  entirely  deprived  of  air,  appea.J 
to  be  inefficient.  In  general,  indeed,  the  galvanic  effect  S 
within  certain  limits,  proportional  to  the  rapidity  with  wbid 
the  more  oxidablc  metal  is  acted  upon  by  the  intervenirs 
fluid.  Spring  water  was  found  sufficient,  in  Mr.  Childi*eii» 
immense  battery,  to  produce  the  ignition  of  platina  wire.  Tba 
fluid  generally  used  is  nitric  acid,  diluted  with  20  or  30  tinntf 
its  weight  of  water.  Mr.  Children  recommends  a  mixture  ^ 
three  parts  fuming  nitrous  acid,  and  one  sulphuric,  dilute 
with  thirty  parts  of  water.  Directions,  also,  respecting  tfc 
best  kind  and  density  of  acids,  for  producing  galvanic  elcctr" 
city,  are  given  by  Mr.  Singer.  From  his  experiments  it  a|^ 
pears,  that  acid  of  different  densities  is  required  for  differec: 
purposes.     The  best  wire  melting  charge  is  formed  with  ttfi 

w  u  - "^^ 

*  Sillimaii's  Journal,  ^li.  105. 
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jiUoDs  of  water,  five  pounds  of  nitric  acid,  and  half  a  pound 
if  mmiaftic  acid. 

The  power  of  die  apparatus  has  been  found  to  be  increased, 
vhen  insulated  by  non*conductors ;  and  when  surrounded  by 
sn  itmo^here  of  oxygen  gas ;  not  sufficiently,  however,  to 
make  it  necessary  to  resort  to  either  of  these  expedients  in 
Qvdinary  cases.    Oxygen  gas  disappears  in  this  process,  when 
tarried  on  under  a  receiver;  and,  after  all  the  oxygen  is  ab- 
sQsbed,  the  ei!cct  ceases,  and  is  renewed  by  introducing  a  fresh 
p<n:tion.    A  battery,  also,  which  has  ceased  to  be  efficient, 
bis  its  activity  renewed  by  emptying  the  cells  of  their  liquor, 
and  uncovering  the  plates.     When  the  cells  are  filled  with 
diluted  nitric  acid,  the  apparatus  continues  active,  even  under 
Ik  exhausted  receiver  of  an  air-pump,  or  in  aii  atmosphere 
of  carbonic  acid  or  nitrogen  gases.     But  if  the  cells  be  filled 
»ith  water  only,  all  action  is  suspended,  by  placing  it  under 
iDj  of  these  circumstances.    Hence  it  appears  that  the  oxida- 
tion of  one  or  both  of  the  Inetals^  composing  the  trougl),  is 
asential  to  the  excitement  of  galvanic  electricity. 

The  electric  column  may  be  classed  among  galvanic  arrangc- 
Itents.  It  was  originally  contrived  by  M.  de  Luc,  who  formed 
ilof  discs  of  Dutch  gilt  paper,  alternated  with  similar  discs 
of  laminated  zinc.     These  were  piled  on  each  other  in  a  dry 
*tate,  and  the  instrument,  instead  of  being  soon  exhausted, 
like  the  pile  with  humid  substances,  was  found  to  continue 
Bctive  for  some  years.*     A  similar  pile  may  be  formed  by 
%ing  a  mixture  of  very  finely  powdered  zinc  with  common 
glue  and  a  little  sugar,  by  means  of  a  brush,  on  the  back  of 
Dutch  gilt  paper ;  and,  when  dry,  cutting  it  into  discs,  which 
are  to  be  piled  on  each  other  f.    Zamboni  of  Verona  has  con- 
structed a  pile  of  slips  of  silver  paper,  on  the  unsilvered  side 
of  which  is  spread  a  layer  of  black  oxide  of  manganese  and 
loney.     These  papers  are  piled  on  each  other  to  the  number 
of  2000 ;  then  covered  externally  with  a  coating  of  shell  lac; 
«nd  enclosed  in  a  hollow  brass  cylinder.     Two  of  these  piles 
«re  placed  at  the  distance  of  four  or  five  inches  from  each 
other ;  and  between  them  is  suspended  on  a  pivot  a  light  me- 

*  Nicholson's  Journal,  vol.  xx?i.  f  ^il*  ^^^8*  ^^^"*  ^^* 
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tcJUc  needle,  which  is  attracted  alternately  to  Ihe  one  pOm  ' 
and  the  other,  so  that  it  moves  between  them  like  a  pendalanr*  i 
This  instrument  has  been  applied  to  the  measurement  of  time^ 
by  causing  it  to  give  motion  to  the  pendulum  of  a  clock.* 


SECTION  II. 

On  the  mutual  Relation  of  Electricity  and  Galvanism, 

Is  the  influence,  it  may  now  be  inquired,  which  is  called 
into  action  in  a  way  so  different  from  that  employed  for  the 
excitation  of  ordinary  electricity,  identical  with  it  or  of  a  dit 
ferent  kind?  This  question  will  be  decided  by  examining 
whether  any  of  those  phenomena,  which  are  occasioned  by 
the  agency  of  the  electric  fluid,  are  produced  also  by  that  of 
galvanism ;  and  we  shall  And  the  following  striking  resem* 
blances : 

1.  The  sensation,  produced  by  the  galvanic  shock,  is  ex- 
tremely similar  to  that  which  is  excited  by  the  discharge  of  a 
Leyden  jar.  Both  influences,  also,  are  propagated  through  a 
number  of  persons,  without  any  perceptible  interval  of  time. 

2.  Those  bodies,  which  are  conductors  of  electricity,  are 
also  conductors  of  the  galvanic  fluid,  as  the  metals,  charcoal^ 
and  a  variety  of  liquids.  Again,  it  is  not  transmitted  by  glass, 
sulphur,  and  the  whole  class  of  electrics,  which  do  not  con- 
vey ordinary  electricity.  Among  liquids,  those  only  are  con- 
ductors of  electricity  and  galvanism,  which  contain  oxygen  as 
one  of  their  elements.^ 

3.  The  galvanic  fluid  passes  through  air  and  certain  other 
non-conductors,  in  the  form  of  sparks ;  accompanied  with  a 
snap  or  report ;  and,  like  the  electric  fluid,  it  may  be  made 
to  inflame  gun-powder,  phosphorus,  and  mixtures  of  hydrc^ 
gen  and  oxygen  gases.  It  has  been  found,  also,  by  Mr.  Chil- 
dren, that  in  the  Voltaic  apparatus  there  is,  what  is  called  in 
electricity,  a  striking  distance.  With  a  power  of  1250  pairs 
of  four  inch  plates,  he  found  this  distance  to  be  one  50th  of 

•  Phil.  Mag.  xlv.  261.  and  Ann.  de  Cli.  ct  de  Phys,  xi.  I90. 
t  Cruickthaok,  in  Nicholson's  4to.  Journal,  iv.  S68. 
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■I  hidft,  the  thickness  of  a  plate  of  air,  through  which  the 

gdnonc  discharge  is  able  to  pass  in  the  form  of  a  spark. 

locreashii;  the  number  of  plates^  the  striking  distance  will  be 

gretter;  and  the  rererse  when  it  is  diminished.     It  is  also 

Bwreased  by  rareiying  the  air,  through  which  the  spark  is 

tmnoiitted. 

4.  The  Voltaic  apparatus  is  capable  of  communicating  a 

dtturge  to  a  Leyden  jar,  or  even  to  a  battery.    If  the  zinc  end 

tf  ft  pile  (whether  it  be  uppermost  or  the  contrary)  be  made  to 

conaranicate  with  the  inside  of  a  jar,  it  is  chargeil  positively^ 

V  circumstances  be  reversed,  and  the  copper  end  be  similarly 

CHoncted,  the  jar  is  charged  negatively.*     The  shocks  do 

Mtdifler  from  those  of  a  jar  or  battery,  charged  to  the  same 

■Mty  by  a  common  electrical  machine. 

5.  Galvanism^  even  when  excited  by  a  single  galvanic  circle 
•if  (nicb  as  a  piece  of  zinc,  a  similar  one  of  copper,  and  a 
|iKt  of  cloth  moistened  with  a  solution  of  muriate  of  am* 
Mia),  distinctly  affects  the  gold  leaf  of  the  condensing  elcc^ 
teeter.  If  the  zinc  end  be  uppermost,  and  be  connected 
i^ly  with  the  mstruraent,  the  electricity  indicated  is  posi- 
fc;  if  the  pin  of  the  electrometer  touch  the  copper,  the 
^etricity  is  negative.  A  pile  consisting  of  sixty  combina- 
tiMU  produces  the  effect  still  more  remarkably.f 

6.  Tlic  chemical  changes  produced  by  galvanic  and  com- 
BOD  electricity,  so  far  as  they  have  hitherto  been  examined^ 
«re  precisely  similar.  These  will  form  the  subject  of  the  fol- 
'wring  section. 


SECTION  in. 

I       On  the  Chemical  Agencies  of  Electricity  and  Galvanism. 

The  eflFects  of  the  electric  or  galvanic  fluids,  in  producing 
diemical  decomposition,  cannot  be  described,  without  intro- 

*  CuUibntaon's  Practical  Electricity  and  Galvanism,  p.  2(>l  ;  Voltn,  in 
AicboUoo**  Journal^  8vo.  i.  140;  Van  Marum,  in  Philosophical  Magazin^^ 
^".162;  Singer,  p.  126.       * 

tNichohon,  8vo.  i.  139,  and  ii.  281  ;  Cuthberlson,  p.  2()4;  and  Singer 
^317>  where  the  cautions  necessary  to  the  success  of  this  delicate  experi- 
BMBt  «e  particularly  described. 
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duciDg  to  the  reader  the  names  of  several  sobstanoeSy  with 
which,  in  the  present  state  of  his  knowledge  he  may  be  sup-* 
posed  to  be  unacquainted.  This  difficulty  is  unavoidable;  for 
it  is  impossible  to  explain  the  general  laws  of  electro-chemical 
action,  without  a  variety  of  particular  instances.  In  generaT^ 
however,  it  will  be  found  that  a  minute  acquaintance  with  the 
bodies,  which  are  brought  in  illustration,  is  by  no  means 
essential ;  and  that  it  is  sufficient  to  consider  them  abstractedly 
as  composed  of  two  ingredients,  which  are  in  opposite  eleo* 
trical  states,  and  are  subject  to  tlie  laws  of  electrical  attracticm 
and  repulsion. 

The  most  simple  chemical  effi^ct,  produced  alike  by  the 
agency  of  electricity  and  galvanism,  is  the  igftUian  and  Jushm 
of  metals.  When  a  piece  of  watch-pendulum  wire  is  placed 
in  the  circuit  of  a  common  electrical  battery,  containing  not 
less  than  three  or  four  square  feet  of  coating,  at  the  moment 
of  the  discharge  the  wire  becomes  red-hot ;  but  continues  so 
only  for  a  few  seconds ;  no  longer,  indeed,  than  if  it  had  been 
ignited  in  any  other  way.*  The  same  efiect  may  be  produced 
by  making  a  piece  of  wire  the  medium  of  communication  be- 
tween the  opposite  extremities  of  a  galvanic  trough ;  but,  in 
this  case,  the  heat  continues  sensibly  longer,  than  when  it 
is  excited  by  an  electrical  explosion.  Indeed  a  platina  wire 
may  be  kept  ignited  in  vacuoj  for  an  unlimited  time,  by  Vol- 
taic electricity.  Water,  surrounding  a  wire  so  placed,  may 
be  made  to  boil  briskly. 

By  means  of  his  large  battery,  Mr.  Children  not  only 
ignited  wire  of  considerable  thickness ;  but  a  bar  of  platina, 
^th  of  an  inch  square  and  2-J-  inches  long,  was  ignited,  and 
even  fused  at  one  end.  The  facility  of  being  ignited  in  the 
different  metals  appeared  to  be  inversely  proportional  to  their 
power  of  conducting  heat.  Thus  platina,  which  has  the  lowest 
conducting  power,  was  most  easily  ignited ;  and  silver,  which 
conducts  heat  better  than  any  other  metal,  was  ignited  with 
greater  difficulty  than  any  of  the  rest. 

It  does  not  appear,  however,  that  a  very  powerful  combi- 
nation is  required  to  produce  ignition,  if  the  wire  be  made  of 


*  Od  the  qaaatity  of  coated  surface  required  for  igniting  different  lengths 
f  wire,  the  reader  may  consult  Mj-.  ^.ulhbertsoa'j  b  ook,  p.  i6l,  &c. 
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roportionslely  small  diameter.  Dr.  Wollaston  has  ascer- 
lined  that  a  wire  -j-^^-^  of  an  inch  in  diameter  may  be  ignited 
f  a  ug^  sue  plate  only  one  inch  square,  provided  each  of 
ti  uubeea  be  opjpoued  to  a  surface  of  copper  or  some  other 
MtaL  Tbe  Ikfuor  which  he  employed  was  a  mixture  of  one 
■more  of  sulpharic  acid  with  50  measures  of  water.  Any 
Micr  diminotion  in  the  diameter  of  the  wire  he  found  to  he 
wbfoorable  to  the  effect,  in  consequence  of  the  increase  of 
the  cooling  power  of  the  atmosphere.* 

When  the  power  of  an  electrical  battery  is  increased,  me- 

tdfic  wires,  by  transmitting  the  discharge  through  them,  may 

kndted  and  dispersed  in  tlie  form  of  smoke,  or  of  an  im* 

idpsfaie  powder  lighter  than  air.     The  galvanic  discharge, 

dtt^  11  capable  of  fusing  metallic  wires ;  but  being  less  violent, 

itdoes  not  scatter  their  particles  to  a  distance.    Even  wire 

knei  of  the  most  infusible  of  the  metals,  platina,  acquires 

avUte  heat,  and  melts  into  globules. 

Wtih  a  sdll  more  powerfiil  electrical  battery  (one  for  ex- 
^e  containing  about  18  square  feet)  metallic  wires  are  not 
i^  melted,  but  undergo  absolute  combustion.    Lead  and  tin 
>e  emit  a  yellow  light,  and  copper  and  silver  a  green  one. 
'die  experiment  be  made  on  wire  confined  in  a  glass  receiver, 
*Ui  contains  a  measured  quantity  of  air,  the  bulk  of  the  air, 
^  its  proportion  of  oxygen,  are  both  found  to  be  dimi- 
tthedf    The  metals  are  converted  into  oxides  of  different 
^Qrs;  lead,  tin,  and  zinc,  into  white  oxides;  platina,  gold, 
dm,  and  copper,  into  oxides  of  a  dark  colour.    The  experi- 
■Mot  may  be  pleasingly  varied   by  passing   the  discharge 
dffough  wires,  stretched  over  panes  of  glass  or  sheets  of  paper, 
tt  a  small  distance  from  their  surface.     The  metallic  oxide 
vilich  is  produced  is  forcibly  driven  into  the  glass  or  paper ; 
ml  produces  beautiful  figures,  varying  in  colour  with  the 
metal  employed 4     It  appears,  also,  from  Mr.  Singer's  ex- 
periments, that  the  oxides  of  some  of  the  compound  metals. 


•  TbomsWs  Annals,  vi,  209.  t  Cuthbcrlson,  p.  I99. 

I  Cmhbertson*  p.  226;  and  Wilkinson's  Elements  of  Galvani8ni>  in  th 
9^  plate  of  which  these  appearances  are  represented. 
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when  thus  treated,  (brass  wire  for  instance)  are  exhibited  in  a 
completely  separate  state. 

The  combustion  of  metals  may  be  effected,  also,  by  galvanic 
electricity;  but  for  this  purpose  the  form  of  very  thin  leaves 
is  preferable  to  that  of  wire,     I'he  plates,  composing  the  ga^ 
vanic  trough,  should,  for  this  purpose,  be  not  less  than  foar 
inches  square,  the  larger,   indeed,  the   better;   and  several 
troughs  should  be  joined  together,  so  as  to  form  an  aggregate 
of  not  less  than  100  or  150  pairs  of  plates.     The  galvanic  in- 
fluence is  to  be  conveyed  by  wires  brought  from  each  extremity 
of  the  arrangement,  and  placed  in  contact  with  the  opposite 
surfaces  of  ihe  leaf.     For  the  protection  of  the  fingers,  the 
wires  should  be  inclosed  in  glass  tubes.     When  thus  exposed, 
the= metals  burn,  or  rather  dc»flagrate,  with  great  brilliancy. 

Gold  emits  a  very  vivid  white  light,  inclining  a  little  to  blue, 
and  leaves  an  oxide,  whose  colour  verges  towards  that  of  m*- 
liogany.     Copper  presents  similar  phenomena. 

The  flame  of  silver  is  a  vivid  green,  somewhat  like  that  of 
n  pale  emerald,  and  the  light  is  more  intense  than  that  of 
gold.  Lead  gives  a  vivid  light  of  a  dilute  bluish  purple. 
Tin  a  light  similar  to  that  of  gold  ;  and  zinc  a  bluish  white 
flame  fringed  with  red.*  In  all  these  cases,  provided  the 
power  be  sufficienily  strong,  the  deflagration  is  kept  up,  for 
some  time,  without  intermission. 

But  a  much  more  remarkable  artion  is  exerted  bv  the  eloo 
trie  and  galvanic  fluids,  in  disuniting  the  elements  of  several 
combinations.  One  of  the  first  discoveries  of  the  chemical 
agency  of  the  pile  was  its  power  of  decomposing  water.  Two 
pieces  of  any  metallic  wire  are  thrust  through  separate  corks, 
which  are  fitted  into  the  open  ends  of  a  glass  tube  in  such  a 
way,  that  the  extremities  of  the  wires,  when  the  corks  are  in 
their  places,  may  not  be  in  contact,  but  may  be  at  the  distance 
from  each  other  of  about  a  quarter  of  an  inch  (see  fig.  77,  a). 
If  the  parts  of  the  wire,  which  project  from  without  the  tube, 
be  made  to  communicate,  the  one  with  the  zinc  or  positive 

*  Philosophical  Magazine,  xi.  284,  and  xv.  96. 


SCT.in.  JIUKCTRO«CHBMISTRyi  U/J 

ali  and.  the  other  With  the  copper  or  nogfttive  end,  of  a  gal- 
vne  battery,  a  remarkable  appoarnnce  takes  place.  The  wire, 
■Boected  with  the  zinc  or  positive  end  of  the  pile  or  trough, 
«k»e  it  b  in  contact  with  the  water,  if  of  an  oxidable  metal, 
impidly  oxidized  ;  while  from  the  negative  wire  a  stream  of 
mil  bobbles  of  gas  arises.     But  if  the  wires  employed  be  of 
»Mal  which  is  not  susceptible  of  oxidation,  such  as  gold 
tladaa,  gas  is  then  extricated  from  both  wires,  and,  by  a 
coDtrivance,  may  be  separately  collected.    The  appa- 
far  this  purpose  is  shown  by  fig.  76,  where  the  wires  p 
M%  iutosd  of  being  introduced  into  a  straight  tube,  are 
Mfaied  in  a  syphon,  and  terminate  before  they  reach  the  end, 
nikich  a  small  bole  is  to  be  ground.     When  a  stream  of 
electricity  ia  made  to  act  upon  water  thus  confined, 
gas  is  found,  at  the  close  of  the  experiment,  in  the  log 
with  the  poaitive  end  of  the  battery,  and  hydrogen 
IB  that  connected  with  the  negative  end ;  and  in  the  pro- 
which,  by  their  union,  compose  water.     At  an  early 
of  the  inquiry,  it  was  found,  however,  by  Mr.  Cruick- 
tliat  the  water  surrounding  the  positive  wire  became 
i'^^aled  with  a  little  acid ;  and  that  around  the  negative 
[^  vilb  a  little  alkali.     If  instead  of  water  we  employ  a 
fMillic  solution,  the  metal  is  revived  round  the  negative 
*^>)  and  no  hydrogen  gas  is  liberated. 
.  ^  gases  constituting  water,  it  was  afterwards  discovered 
ySrH.  Davy,  may  be  separately  produced  from  two  quan- 
'w  of  water,  not  immediately  in  contact  with  each  other. 
^&ct  is  of  peculiar  importance,  from  its  resemblance  to 
^'^  more  recent  ones,  which  have  led  that  distinguished 
<fU<>opher  to  the  discovery  of  the  general  laws  of  electro- 
laical  action.     Two  glass  tubes  {p  and  n,  pi.  ix.  fig.  79), 
^^  one  third  of  an  inch  diameter  and  four  inches  long, 
wing  each  a  piece  of  gold  wire  sealed  hermetically  into  one 
*ilaod  the  other  end  open^  were  filled  with  distilled  water, 
^pUoed  inverted  in  separate  glasses  filled,  also,  with  that 
U.   The  two  glasses,  a  and  b,  were  made  to  communicate^ 
titiier  by  dipping  the  fingera  of  the  right  hand  into  one  glasi^ 
^  those  of  the  left  into  the  other,  or  by  interposing  fresh 
'inal  Hiosele^  or  a  living  vegetable^  or  even  moiaCemd  thread, 
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as  shown  at  c.  Tlie  gold  wires,  projecting  from  the  scaled 
ends  of  these  tubes,  were  then  connected,  tlie  one  with  the 
positive,  the  other  with  the  negative  end  of  the  trough.  Gas 
was  immedintcly  evolved  from  both  wires.  At  the  close  of  the 
experiment,  in  the  tube  p  oxygen  gas  was  found ;  in  the  nega- 
tive tube  n  hydrogen.  The  proportions  by  measure  were,  as 
nearly  as  possible,  those  which  result  from  the  decomposition 
of  water,  viz.  two  of  hydrogen  to  one  of  oxygen  gas.*  Now 
if  these  gases  arose,  as  tliey  necessarily  must,  from  the  decom- 
position of  the  same  portion  of  water,  that  portion  of  water 
must  have  been  contained  either  in  the  tube  p  or  in  the  lube  ii. 
In  the  former  case,  the  hydrogen  gas,  found  after  the  process 
in  n,  must  have  passed  invisibly  from  p  to  n,  through  the  in- 
termediate substance  c.  Or,  if  the  water  was  decomposed  in 
71,  then  the  reverse  process  must  have  happened  with  respect 
to  the  oxygen;  and  it  must  have  been  transmitted,  in  a  like 
imperceptible  manner,  from  «  to  p.  Facts  of  this  kind,  evine* 
ing  the  transference  of  the  elements  of  a  combination,  to  i 
considerable  distance,  through  intervening  substances,  and  in 
a  form  that  escapes  the  cognizance  of  our  senses,  however 
astonishing,  it  will  appear  from  the  sequel,  are  sufficiently  nu- 
merous and  well  established.  It  appears,  also,  from  the  ex- 
periments of  Mr.  Porrett,  that  water  may  be  forced,  contrary 
to  its  gravity,  through  the  compact  substance  of  a  bladder, 
from  the  positive  to  the  negative  wire  of  a  galvanic  battery, 
composed  of  plates  only  1^  inch  sqnare.f 

Different  chemical  compounds  require,  for  the  disunion  of 
their  elements,  galvanic  arrangemenls  of  various  powers  and 
intensities.  The  decomposition  of  water  is  easily  effected  by 
B  series  of  fifty  pairs  of  plates,  each  one  or  two  inches  square. 
But  for  those  which  remain  to  be  described,  instruments  of 
^  erealer  power  are  necessary. 

'naralus,  employed  in  tlie  masterly  experiments  of 

V,  which  have  laid  the  groundwork  of  this  nev 

remely  simple.     In  cases,  where  liquid  6ub> 

sted  upon,  he  employed  occasionally  the 

I  fig.  80,  each  of  which  was  capable  rf 
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liolding  about  sixty  grains  of  water.  They  were  conneclcd 
together,  as  shown  in  the  figure  nt  a,  by  the  fibres  of  a  pecii' 
linr  flcsilile  mineral  eniled  amianthus;  and  into  each  was  in- 
serted a  platina  wire,  the  bent  extremity  of  wliich  is  seen,  in 
each  Ci^ure,  projecting  above  the  cup.  When  the  vessels 
were  in  actual  use,  the  wire  of  p  was  connected  with  the  zinc 
or  positive  end  of  a  powerful  galvanic  series;  and  that  of  n, 
vidi  the  copper  or  iicgutive  extremity.  For  the  agate  cups 
two  hollow  gold  cones  were  occnsionnlly  substituted  (/>  and  n, 
fig.  81))  the  wire  projecting  from />  being  connected  witii  tlie 
pOMlive,  and  that  from  n  with  the  negative  end  of  n  trough 
or  series  of  tronghs.  Solid  bodies  were  submiitcd  to  the 
gplTAliic  influence,  either  by  immersing  small  pieces  uftlieni 
itt  the  gold  cones;  or,  at  other  times,  by  making  the  cups 
dieaiselves  of  the  substance  intended  to  be  decumposctl.  Or 
if  it  was  desirable  to  preserve  them  from  contact  with  water, 
they  were  laid  on  a  small  insulated  dish  of  platina,  with  the 
inferior  surtace  of  which,  immediately  under  the  substance 
used,  tt  wire  from  one  end  of  the  battery  was  connected,  while 
the  substance  itself  was  made  to  communicate  by  another  wire, 
with  the  opposite  extremity  of  the  apparatus. 

When  the  gold  cones  were  both  filled  with  a  solution  of 
ulpiiatc  of  potash  (a  salt  composed  of  potash  ond  sulphuric 
ncidi)  Ht'ter  cx|iosure,  during  a  suihcient  time,  to  a  powerful 
galviinic  arrangement,  pure  potash  was  found  in  the  negative 
coaeff  and  sulphuric  dcid  in  the  positive  cone  p.  The  de- 
Goupoiiition  was  quite  complete;  for  the  liquid  in  n  contained 
DO  acid,  and  that  in  p  no  alkali. 

The  experiment  was  repeated  with  several  other  neutral 
Mits;*  and  with  the  invariable  resull,  that  the  acid  collected 
in  the  positive  cone,  and  the  alkali  in  the  negative  one. 
Strong  solutions,  or  those  in  which  the  salt  bore  a  considerable 
proportion  to  tiie  water,  were  more  lapidly  acted  upon  tlian 
weak  ones.  Metallic  salts  were,  also,  decomposed.  The 
acid  pppeured,  as  before,  in  the  positive  cone,  and  the  metal 


'  MInule  direcuons  for  exiiibiiing  ihe  lianifcr  uf  *ciil  and  alkali,  by 
Rtiiof  3  power  not  exceeding  thirty  (lairtof  Itvo  inch  pla(ti,are  gi*«n 
r.  Singer.    (Nieholion's  Journal,  xniv.  178-) 
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was  deposited,  sometimes  with  a  little  oxide,  in  the  negative 
one. 

Salts,  which  are  either  insoluble,  or  very  sparingly  soluble^ 
in  water,  had  their  elements  disunited  in  the  following  man- 
ner. Cups  were  constructed  of  them,  precisely  resembling  the 
gold  cones,  which,  as  the  salts  were  hard  and  compact  in  their 
texture,  was  easily  effected.  These,  after  being  filled  with 
water,  were  connected,  by  platina  wires,  with  the  opposite 
ends  of  a  galvanic  battery,  the  vessels  themselves  communi- 
cating, as  before,  by  means  of  moistened  amianthus.  At  the 
conclusion  of  the  experiment,  sulphuric  acid  (when  the  cups 
were  made  of  sulphate  of  lime)  was  found  in  the  positive  cup, 
and  lime  water  in  the  negative  one.  Sulphate  of  strontites, 
fluate  of  lime,  and  sulphate  of  barytes,  were  decomposed, 
though  less  easily,  by  the  same  expedient.  In  all  these  cases 
the  acid  element  was  found  at  the  positive  side,  and  the  earthy 
one  at  the  negative  side,  of  the  arrangement. 

These  facts  evidently  point  out  a  transference  oftheelo^ 
tnents  of  combinations  from  one  electrified  vessel  or  surface 
to  another  diflferently  electrified.  But  the  principle  is  made 
much  more  apparent  by  a  little  variation  of  the  experiment* 
^lius,  if  solution  of  sulphate  of  potash  be  electrified  in  the 
positive  cone  />,  water  alone  being  contained  in  77,  after  a  sufii* 
cient  continuance  of  the  electrical  action  p  will  be  found  to 
contain  diluted  sulphuric  acid;  and  the  potash  will  be  dis- 
covered in  the  water  of  72.  The  alkali  must  necessarily,  there- 
fore, have  passed,  in  an  imperceptible  form,  along  the  con* 
necting  amianthus  from  the  vessel  p  to  the  vessel ;/.  Reversing 
the  experiment,  and  filling  n  with  solution  of  sulphate  of  pot- 
ash, the  alkali  remains  in  this  cone,  and  the  acid  is  transferre<l 
to  the  opposite  side  p.  In  one  experiment,  in  which  nitrate 
of  silver  was  placed  in  the  positive  cup,  and  pure  water  in  the 
negative  one,  the  whole  of  the  connecting  amianthus  was  co- 
vered with  revived  silver. 

In  the  farther  prosecution  of  the  inquiry,  Sir  H.  Davy 
succeeded  in  discovering  a  still'more  extraordinary  series  of 
facts.  When  an  intermediate  vessel  (e,  fig.  82)  was  placed 
between  the  positive  and  negative  cups  p  and  ;z,  and  was  con<* 
nected  with  both  of.  them  by  moistened  amianthus,  it  was 
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found  that  acids  may  actually  he  made  to  pass  from  n  to  p, 
through  the  intermediate  solution  in  /,  without  combining 
will)  it.  Thus,  Eolution  of  sulphate  of  potash  being  put  Into 
the  negative  cup  n,  solution  of  pure  ammonia  into  i,  and  pure 
water  into  p,  in  halt'  an  hour  sulphuric  acid  was  found  in  the 
water  of  ttie  positive  cup,  though  to  have  reached  this  it  must 
have  been  transferred  froni»  through  the  intermediate  solution 
of  ammonia.  Muriatic  ackl,  also,  from  muriate  of  soda,  and 
nitric  acid  from  nitrate  of  potash,  were  transferred  from  the 
negative  to  the  positive  side  through  an  interposed  solution  of 
alkali.  And  contrariwise,  alkalies  and  metallic  oxides  were 
transmitted  from  the  positive  to  the  negative  side,  through 
intervening  solutions  of  acids. 

It  it  necessary,  however,  that  tlic  solution,  contained  in 
the  intermediate  vessel  r,  should  not  be  capable  of  forming  an 
insoluble  compound  with  the  substance  intended  to  be  irans- 
milted  through  it.  ITius  sulphuric  acid,  in  its  passage  from 
sulphate  of  potash  in  the  negative  cup  through  the  veasel  t 
conluining  a  solution  of  pure  barytes,  is  detained  by  the 
Iwrytes,  and  falls  down  in  the  state  of  an  insoluble  compound 
with  that  earth. 

Bodies,  the  composition  of  which  is  considerably  man* 
complicated,  are,  also,  decomposed  by  galvanic  electricity. 
Thus  from  certain  minerals,  containing  acid  and  alkaline 
matter  in  only  very  minute  proportion,  these  ingredients  are 
separately  developed.  Basalt,  for  example  (a  kind  of  stone 
tvbich,  in  100  grains,  contains  only  3^  grains  of  soda  and 
half  a  grain  of  muriatic  acid),  gave,  at  the  end  often  hours, 
evident  traces  of  alkali  round  the  negative,  and  of  acid  round 
the  positive  wire.  A  slip  of  glass,  also,  negatively  electrified 
in  one  of  the  gold  cones,  Lad  soda  detached  from  it,  and  sus- 
tained a  loss  of  weight. 

It  may  now  be  miderstood,  why,  by  the  agency  of  gal- 
faiiiiim  on  water,  alkali  apfKinrs  at  the  negative  and  acid  at  the 
potitivc  wire.  The  fact  was,  for  some  time,  not  a  UlUe  per- 
plexing to  Sir  H.  Davy;  till,  at  length,  he  ascertained  that 
all  water,  however  carefully  distilled,  contains  neutral  salts  in 
a  state  of  solution.  I'rom  these  impurities,  the  alkaline  and 
«cid  elements.  iu«  separated,  agreeably  to  a  iaw,  which  has 
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already  been  explained.  In  the  same  way,  also,  the  muriatic 
acid  and  alkali  are  accounted  for,  which  some  chemists  have 
obtained  by  galvanizing  what  was  before  considered  as  pure 
water ;  a  fact  which  has  been  urged  in  proof  of  the  synthe- 
tical production  of  both  those  bodies.  Absolutely  pure  wa- 
ter, it  has  been  demonstrated  by  Sir  H.  Davy,  yields  nothing 
but  hydrogen  and  oxygen  gases. 

All  the  effects  of  galvanic  arrangements,  in  producing 
chemical  decompositions,  it  has  been  found,  may  be  obtained 
by  ordinary  electricity.  Its  adaptation  to  this  purpose  was 
first  successfully  attempted  by  Dr.  Wollaston.*  The  appa- 
ratus^ which  he  employed,  was  similar  to  that  already  repre- 
sented (fig.  77,  a),  excepting  that  the  wires,  instead  of  being 
exposed  to  the  fluid  contained  in  the  tube,  throughout  their 
whole  length,  were  covered  with  wax,  and  the  points  only 
were  laid  bare.  Or  (which  was  found  to  answer  still  better) 
the  wires  were  inclosed  in  capillary  glass  tubes,  which  were 
sealed  at  their  extremities,  and  then  ground  away,  till  the 
points  alone  were  exposed.  The  conducting  wires,  tlius  ar- 
ranged, were  then  introduced  into  a  tube,  or  other  vessel  con- 
taining the  liquid  to  be  operated  on,  and  were  connected, 
the  one  with  the  positive,  the  other  with  the  negative,  con- 
ductor of  an  electrical  machine,  disposed  for  positive  and  ne- 
gative electricity. +  When  solution  of  sulphate  of  copper  was 
thus  electrized,  the  metal  was  revived  round  the  negative  pole^ 
On  reversing  the  apparatus,  the  copper  was  re-dissolved,  and 
appeared  again  at  the  other  wire,  now  rendered  negative. 

When  gold  wires,  from  y^  to  ^.— .ofan  inch  in  dia- 
meter, thus  inclosed,  were  made  to  transmit  electricity,  a 
succession  of  sparks  afforded  a  current  of  gas  from  water. 
When  a  solution  of  gold  in  nitro -muriatic  acid  was  passed 
through  a  capillary  tube ;  the  tube  then  heated  to  drive  off 
the  acid  ;  and  afterwards  melted  and  drawn  out,  it  was  found 
that  the  mere  current  of  electricity,  without  sparks,  evolved 
gas  from  waten 
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Sir  H.  Davy  has  since  proved  tliat  by  a  similar  apparatus, 
solution  of  sulphate  of  potash  is  decomposed,  potash  appear- 
ing at  tlie  negative,  and  sulphuric  acid  at  the  positive  pole.* 


I 

Af 


'heory  of  the  Changes  produced  hij  Galvanic  Eleclricili/. 

FACT  of  considerable  importance,  in  explaining  the  phe- 
that  form  [he  subject  of  the  Inst  section,  was  discovered 
several  years  ago  by  Mr,  Bennett,  and  has  since  been  con- 
firmed by  the  experiments  of  Volta  and  Davy,  Different 
bodies,  it  is  found,  acquire,  when  brought  Into  contact  either 
by  their  whole  surfaces  or  by  a  single  point,  diiTerent  states 
with  respect  to  their  tjunntities  of  electricity.  The  best  me- 
tliod  of  performing  the  experiment  is  to  lake  two  discs  or 
plates,  the  one  of  copper,  the  other  of  zinc,  each  about  four 
inches  diameter,  and  furnislied  with  an  insulating  glass  han- 
dle; to  apply  tlieni  for  an  instant  to  each  other  by  their  flat 
faces;  and  afterwards,  to  bring  them  separately  into  contact 
with  the  insulated  plate  of  the  condensing  electrometer.  The 
instrument  indicates,  by  the  divergence  of  its  gold  leaves,  the 
kind  of  electricity  acquired  by  each  of  the  plates,  which  in  the 
zinc  plate  is  shown  to  be  positive,  and  in  the  copper  plate 
negative-t 

It  had  been  established,  also,  by  Sir  H.  Davy,  in  1801, 
that  when  a  galvanic  arrangement  o/*  f/ie  second  kind  is  con- 
structed, by  alternnting  metallic  plates  with  strata  of  different 
fluids  alkaline  solutions  always  receive  electricity  from  (he 
the  metal,  and  acids  on  the  contrary  transmit  it  to  the  metal. 
When  on  arrangement,  for  example,  is  made  of  water,  tin, 
and  solution  of  potash,  the  current  of  electricity  is  from  the 
tin  to  the  alkali.  But,  in  an  arrangement  of  nitric  acid,  tin, 
and  water,  the  circulation  of  electricity  is  from  tlic  acid  to 


•  Philoiophical  Traniaclions,  )80C. 

t  Voliii,  in  Nicholson's  Journil,  8ro.  1.  130,     Wilkinson,  il.  40,  60, 
131.    CulbberUoo,  S67. 
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t)ietiiii  If  then  Iha  alkali,  afVer  having  acquired  ekotiioky 
from  ike  meialf  could  be  suddenly  separated  firom  the  ooinbi« 
natiQUt  there  can  be  no  doubt  that  it  would  be  found  in  a 
positive  state.  For  the  contrary  reason,  the  acid,  having 
given  electricity  to  the  metali  auist,  if  it  could  be  detached, 
be  found  necjalive. 

Still  more  satisfactory  evidence  has  been  since  obtained  of 
the  electrical  state  of  the  acids  and  alkalies,  by  examining 
what  kind  of  electricity  they  impart  to  an  insulated  metallic 
plate.  Various  dry  acids,  being  touched  on  an  extensive 
Surface  by  a  plate  of  copper  insulated  by  a  glass  handle,  the 
Copper  was  found  after  contact  to  have  become  positively  elec- 
trified, and  the  acid  negatively.  On  the  contrary,  making  the 
experiments  with  dry  earths  in  a  similar  manner,  the  metal 
became  negative.  The  alkalies  gave  less  distinct  results,  owing 
to  their  attraction  for  moisture.  Bodies,  moreover,  possessing 
opposite  electrical  energies  towards  one  and  the  same  body, 
are  found  to  possess  them  with  regard  to  each  other.  Thus 
when  lime  and  oxalic  acid  were  brought  into  contact,  the 
earth  was  found  to  be  positive^  and  the  acid  negative.  Sulphur 
Appears  to  be  in  the  positive  state.  Oxygen,  judging  from 
those  compounds  in  which  it  is  loosely  combined,  is  negative; 
and  hydrogen,  by  the  same  test,  positive. 

Now,  if  the  common  laws  of  electrical  attraction  and  re- 
|)ulsion  operate,  as  there  is  every  reason  to  belie^'e  they  must, 
among  bodies  so  constituted,  it  will  follow  that  hydrogen,  the 
alkalies,  metals,  and  oxides,  being  positively  electrified,  will 
be  repelled  by  surfaces  which  are  in  the  same  state  of  electri* 
city  as  themselves,  and  will  be  attracted  by  surfaces  that  are 
negatively  electrified.  And,  contrariwise,  oxygen,  and  the 
acids  (in  consequence  of  the  oxygen  they  contain),  being  in  a 
Negative  state,  will  be  attracted  by  positive  surfaces  and  re- 
pelled by  negative  ones. 

To  apply  this  theory  to  the  simplest  possible  case,  the  de- 
composition of  water,  the  hydrogen  of  this  compound^  being 
Itself  positively  electrified,  is  repelled  by  the  positive  wire 
and  attracted  by  the  negative  one ;  while,  on  the  contrary, 
oxygen,  being  negative,  is  repelled  by  the  negative  wire,  and 
attracted  by  the  positive  one.     The  flame  of  a  candle,  whlck 
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consists  chiefly  of  ignited  charcoal,  when  plnccd  between  a 
positive  and  negntive  BuiTace,  bends  towards  the  latter;  but 
the  flame  of  phos|)horiis,  consisting  chiefly  of  acid  matter, 
when  similarly  (ilaced,  tnkes  a  direction  towards  the  positive 
surface.  In  the  case  of  neutral  sails,  the  negative  acid  ii 
attracted  by  the  positive  wire;  and  the  positively  electrified 
alkali  by  the  negative  wire. 

Thus  then  a  power  has  been  discovered,  superior  in  iU 
onerf^  to  chemical  nf!inJty>  and  capable  either  of  cniinteract- 
ing  it,  or  of  modifying  it  according  to  circumstances.  The 
chemical  attraction  between  two  bodies  may  be  destroyed,  by 
giving  one  of  them  an  electrical  stale  opposite  to  its  natural 
one;  or  the  tendency  to  union  may  be  increased,  by  exalting 
the  natural  electrical  energies. 

All  bodies,  indeed,  that  combine  chemically,  so  far  as  they 
have  hitherto  been  examined,  have  been  found  to  possess 
opposite  stales  of  electricity.  Thus  copper  and  zinc  arc  in 
ojiposite  states  to  each  other ;  so  are  gold  and  mercury ;  sul- 
phur and  mctaU,  acids  and  alkalies.  By  bringing  two  bodies 
into  the  same  electrical  stale,  which  were  before  capable  of 
anion,  we  destroy  their  tendency  to  combinnlion.  Thus 
zinc  or  iron,  when  negatively  electrified,  will  not  unite  with 
oxygen.  Even  after  combination,  it  is  thought  by  Sir  H. 
Davy  not  improbable,  that  bodies  may  still  retain  their  pecu- 
liar slates  of  electricity.  If  oxygen  prevail,  in  uny  com- 
pound, over  the  combustible  or  positive  base,  the  compound 
is  negative,  as  in  certain  metallic  oxides.  But  the  combustible 
ingredient  may  bo  in  such  proportion,  as  to  pretlomlnatc, 
ftnd  to  give  to  the  compound  a  positive  energy.  When  pre- 
cise neutralization  is  attained,  bodies  that  had  before  exhibited 
electrical  effects  are  deprived  of  this  property. 

Jt  is  an  interesting  question,  but  one  which  can  scarcely  be 
determined  in  thepresent  stateofthe  science,  whelhcr  the  power 
of  electrical  attraction  and  repulsion  be  identical,  as  Sir  H. 
Davy  has  suggested,  with  chemical  affinity;  or  whether  it 
may  not  rather  be  considered,  like  caloric,  ns  a  distinct  force, 
which  only  modifies  that  of  chemical  attraction.  On  the  for- 
mer hypothesis,  two  bodies,  which  are  naturally  in  opposite 
atiMrioi  slateS)  may  have  these  stirtes  sufficiently  exalted^  to 
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give  them  an  attractive  force  superior  to  the  cohesive  affini^ 
opposed  to  their  union ;  and  a  combination  will  take  places 
which  will  be  more  or  less  energetic,  as  the  opposed  forces  are 
more  or  less  equally  balanced.  Again,  when  two  bodies,  re* 
pellcnt  of  each  other,  act  upon  a  third  with  different  degrees 
of  the  same  electrical  energy,  the  combination  will  be  deter* 
mined  by  the  degree.  Or,  if  bodies,  having  different  degrees 
of  the  same  electrical  energy  with  respect  to  a  third,  have  like- 
wise different  energies  with  respect  to  each  other,  there  may 
be  such  a  balance  of  attracting  and  repelling  forces  as  to  pro- 
duce a  triple  compound. 

This  hypothesis,  it  is  remarked  by  Sir  H.  Davy,  agrees  ex* 
tremely  well  with  the  influence  of  fnass^  which  has  been  so 
well  illustrated  by  Berthollet;  for  many  particles,  acting 
feebly,  may  be  equal  in  effect  to  fewer  acting  more  powerfully. 
Nor  is  it  at  all  contradictory  to  the  observed  influence  of  caloric 
over  chemical  union ;  for  an  increase  of  temperature,  while  it 
gives  greater  freedom  of  motion  to  the  particles  of  bodies, 
exalts  all  their  electrical  energies.  This  Sir  H.  Davy  ascer- 
tained with  respect  to  an  insulated  plate  of  copper  and  another 
of  sulphur,  when  heated  below  212°  Fahr. ;  and  at  a  still 
higher  temperature  these  bodies,  as  is  well  known,  combine 
with  the  extrication  of  heat  and  light,  the  usual  accompani- 
ments of  intense  chemical  action. 

On  the  supposition  that  electricity  is  a  force,  which  only 
modifies  the  action  of  chemical  affinity,  we  may  regard  it,  when 
it  promotes  combination,  as  producing  this  effect  by  counter-* 
acting  cohesive  attraction.  When  it  impedes  combinations, 
or  destroys  those  which  are  already  formed,  it  probably  acU 
as  a  force  co-operating  with  elasticity. 


SECTION  V. 

Theory  of  the  Action  of  the  Galvanic  Pile. 

Two  theories  have  been  framed  to  account  for  tlie  pheno* 
mena  of  the  Galvanic  Pile^  and  of  all  similar  arrangeme&ti» 
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The  first,  originatinfr  with  Volta,  was  suggested  by  the  fact 
which  may  be  considercil,  intleed,  as  fundanientnl  to  it— that 
electricity  is  excited  by  the  mere  contact  of  different  metals. 
When  a  plate  of  copper  and  another  of  zinc  are  made  to 
touch  by  their  flat  surfaces,  ns  was  stated  in  the  last  section, 
the  zinc,  after  separation,  exhibits  positive  electricity,  and  the 
copper  negative.  It  is  natural,  therefore,  to  conclude  that  a 
certain  cjuantity  of  electricity  has  moved  from  the  copper  to 
the  zinc.  On  trying  other  metals,  Volta  found  that  similar 
phenomena  take  place;  and  by  n  series  of  experiments  he 
was  led  to  arrange  their  powers  in  the  fuUowing  order,  it 
being  understood  that  the  first  fr'tves  up  its  electricity  to  the 
second  ;  the  second  to  the  third ;  the  third  to  the  fourth,  and 


I  ine  melalf 


Silver. 

Copper. 

Iron. 

Tin. 

Lead. 

Zinc. 


le  metals,  then,  have  been  denominated  by  Volta,  from 
this  pro|)eity,  motors  of  electricity;  and  the  process,  which 
takes  place,  electro-motion,  n  term  since  sanctioned  by  the 
adoption  of  it  by  Sir  H.  Davy. 

It  is  on  this  transference  of  electricity  from  one  body  to  an- 
other by  simple  contact,  that  Volta  explains  ihcaction  of  the 
instrument  discovered  by  himself,  and  of  all  similar  arrange* 
ments.  The  interposed  fluids,  on  his  hypothesis,  have  no 
effect  as  chemical  agents  in  producing  the  phenomena,  and 
act  entirely  as  conduclors  of  electricity.  Wilhont  disputing, 
however,  the  accuracy  or  value  of  the  liicts  which  suggested 
his  theory,  it  is  sulhcient  for  its  refutation  that  it  U  irrecon- 
cileable  with  other  phenomena ;  and  especially  with  the  obser- 
vation, that  the  chemical  agency  of  the  lnjuids,  on  the  more 
oxidizablc  metal  of  galvanic  arrangements,  is  essential  to  theii* 
sustained  activity.  It  has  been  proved,  indeed,  that  the  phe- 
nomena begin  and  terminate  with  the  oxidation ;  and  that  the 
energy  of  the  pile  beaiB  a  pretty  accurate  proportion  to  the 
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rHpidity  of  the  process.  Hence  it  aeems,  on  first  view,  iir: 
obvious  inference,  that  the  oxidation  of  the  metal  is  the  pri^E 
niary  cause  of  the  evolution  of  electricity  in  galvanic  arraag^^ 
mcnts.  It  has  been  proved,  however,  that  it  is  not  dCsm 
ccsaary  to  the  excitement  of  electricity,  that  tlic  nmalgat^a 
shoiiltl  be  oxidated  ;  for  the  machine  conlinues  to  act,  wbc— j, 
inclosed  in  hydrogen  gas  or  carbonic  ncid;  and  the  clcctrC  — 
column  of  M.  de  Luc  is  composed  of  dry  suliatanccs,  Eif^^s 
in  this  instrument,  the  oxidation  of  the  inetnU  appears  to  I — — 
essential  to  its  activity,  for  when  the  column  is  hcrmetical  ~~  Z 
confined  in  a  given  portion  of  nir,  the  phenomena  cease  ^^S 
time,  in  cousetjuence  of  ibe  loss  of  its  oxygen. 

But  though  the  chemicnl  agency  of  the  fluida  which  a^^ai 
employed  is  now  admitted,  on  all  hands,  tn  be  essential  lo  ^Ka 
excitement  of  this  kind  of  electricity,  yet  it  is  by  no  means  tit-^  ■ 
versally  agreed  that  we  arc  to  consider  it  as  the  first  in  t^F* 
order  of  phenomena.     It  has  been  suggested  by  Sir  H.  Par  J^ 
as  s  correction  of  the  theory  of  Volia,  that  the  electro- mot !!>*■ 
occasioned  by  the  contact  of  metaU,  is   (he  primary  cause  ^^^ 
the  chemical  dianges ;  and  that  these  changes  are  in  no  othV^ 
way   efficient,  than  as  they  restore  the  electric  i  ijiiililiiilllil 
To  explain  this,  let  us  suppose  that  in  any  tlirec  pairs  of  plitC 
of  a  galvanic  trough  the  zinc  plates  a:  1,  i  2,  a  3  {fig.  78),  «• 
in  the  state  of  positive,  and  the  copper  plates  c  1,  c  2,  c  3,  ia 
that  of  negative  electricity.     The  liquid,  in  any  cell  after  ttia 
first,  will  be  in  contact,  on  the  one  side,  with  positively  dec-    m 
trified  zinc,  and  on  the  other  with  negatively  electrified  c<^ 
per.     And  if  the  elements  composing  the  fluid  be  thcmsclvet 
in  difiercnt  stales  of  electricity,  the  negatively  electrified  ele- 
ment  will  be  attracted  by  the  zinc,  and  the  positively  electrified 
element  by  the  copper.     Thus  when  solution  of  muriate  of 
So<]a  in  water  is  the  fluid,  the  oxygen  and  tlie  Bcid  will  pass 
to  the  zinc  or  positive  plate,  and  the  aikttli  to  the  copper 
one;    while  the  hydrogen,    having  no  ufFiiiity  for    copper* 
escapes.     The  electric  etpiiUbrium  will  be  restored,  but  only 
for  a  moment ;  for,  as  the  interposed  fluid  is  but  a  very  inii>cr- 
It'Cl  conductor  of  electricity,  the  zinc  and  copper  plates  will, 
by  their  electromotive  power,  ugnin  assume  ilieir  ststea  ofop- 
posit*  electricity ;  uitd  Ihe^c  changes  will  go  on,  oa  long  h 
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of  wda  rebiftint  undecompcMed.  In  a  Voltaic  ar^ 
therefore,  the  electrical  energies  of  the  metals  with 
to  each  other,  or  to  the  substances  dissolved  in  water, 
■etkcmses  disturbing  the  equiltbrium ;  and  the  chemical 
ikngn  sre  the  causes  tliat  restore  it. 
Modieory  of  the  galvanic  pile,  however,  can  be  considered 
^1  flCNiplet^  that  does  not  account  for  the  accumulation  of 
^^^  B  ibetriritj  at  the  zinc  end  of  the  apparatus.  On  the  theory 
^  ^1  irt  the  oxidation  of  the  zinc  is  the  source  of  the  evolved  dec-* 
^1  ^^fi  tbe  fiict  has  been  ingeniously  explained  by  Dr.  Bos- 
"^  'I  lid.  He  takes  it  for  granted  that  the  electric  fluid  has  an 
liBbf£>r  hydrogen ;  and  supposes  that  the  electricity,  evolved 
^  'Htftbe  lor&ce  of  the  first  zinc  plate,  is  carried,  united  to 
°  ■M'^V^  through  the  fluid  of  the  cell  to  the  opposite  copper 
|hla  Here  the  hydrogen  and  electricity  separate;  tho 
faaer  flies  off  in  the  state  of  gas,  and  the  latter  passes 
Mirds  to  the  next  zinc  plate.  Being  in  some  degree  accu« 
■hted  in  this  plate,  it  is  disengaged  by  the  action  of  the 
Uin  a  more  concentrated  state  than  before.  And  in  the 
■K  manner,  by  multiplying  the  number  of  pairs,  it  may  be 
irie  to  exist,  in  the  zinc  end  of  the  pile,  in  any  assignable 
ifgree  of  intensity. 

On  this  theory,  the  electricity  evolved  is  actually  generated 
bf  the  chemical  action  of  the  interposed  fluids  on  every  zinc 
plate  of  the  series;  audits  accumulation  is  the  aggregate  of 
what  is  thus  evolved.     The  concentration,  which  takes  place 
at  the  zinc  end  of  the  arrangement^  admits,  however,  of  being 
explained  by  tl>e  hypothesis  ofVolta,  especially  as  modified 
by  Sir  H.  Davy.     Taking  the  first  cell  as  an  example,  the 
fluid  interposed  between  the  positive  zinc  plate  %  ] ,  fig.  78, 
and  negative  copper  place  c  2,  being  itself  a   conductor  of 
electricity,  must  in  time  produce  an  equilibrium  between  these 
two  plates ;  but  this  can  only  be  done  by  the  passage  of  a  cer- 
tain quantity  of  electricity  across  the  fluid.     The  absolute 
qoantity  of  electricity  will,  therefore,    be  diminished  in  the 
first  pair,  and  increased  in  the  second.     In  like  manner,  the 
second  zinc  plate  will  give  up  part  of  its  electricity  to  the 
third  copper  plate,  and  the  second  pair  of  plates  will  be  de« 
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prived  of  part  of  its  electricity.  The  electricity,  tlius  lost  fa 
the  second  pair,  it  will  regain  from  the  first  pair  of  plaM 
By  multiplying,  in  ihia  way,  llie  number  of  plates,  every  ml 
cessive  pair,  as  we  advance  in  the  series,  lias  a  tendency  i 
diminish  the  quantity  of  electricity  in  the  first,  and  lo  hn 
its  own  state  of  electricity  proportionally  exalted. 

When  a  communication  is  made  between  two  extremities 
a  series,  for  example  between  z'  or  its  contiguous  cell,  oa 
c',  the  opposite  electricities  tend  lo  an  equilibrium.  Tu 
third  pair  gives  up  a  share  of  its  electricity  to  the  first;  am 
the  intermediate  pair,  being  placed  between  equal  forces,  ■ 
mains  in  efiuilibrlo.  Hence,  in  every  galvanic  arrangenmi 
there  is  a  pair  of  plates  at  the  centre,  which  Is  in  its  uaC 
ral  state  of  electricity.  The  effect  of  such  a  cummunic 
tion  must  necessarily  be  to  reduce  the  pile  lo  n  slate  of  ina 
tivity,  if  there  did  not  still  exist  some  cause  sulBcient  (o  c3 
stroy  the  equilibrium.  On  the  hypolhcsis  of  Votta,  this  a» 
be  nothing  else  than  the  property  of  electro- mot  ion  in  tJ 
metals,  which  originally  produced  its  disturbance. 

Such  are  the  hypotheses  that  have  been  framed  to  expla 
the  phenomena  of  the  Voltaic  pile.  In  the  present  stuto 
the  science,  neither  of  them  is  entitled  to  be  received  us  dd 
gelher  satisfactory ;  and  I  have  staled  ihcm  rather  with  tJ 
view  of  exciting  them  of  satisfying  inquiry.*  On  llic  ibeo 
of  galvanic  electricity,  it  only  remains  lo  point  out  its  diOas 
ence  from  the  electricity  developed  by  ordinary  processes;  aa 
to  explain  ihe  diSeretil  eflccts,  which  are  produced  by  vnryia 
the  size  of  the  plates  in  g.tlvanic  arrangements. 

Though  the  identity  of  comniou  and  galvanic  clectricS 
appears  to  be  sufiiciently  established,  yet  in  some  of  their  pi* 
,  which  have  already  been  described,  there  is  a  cv' 


*  The  rcKilcr,  who  withn  to  pursue  llie  subjecl,  niiiy  coniult  an  ntf 
bj  the  author,  io  Nicholmn'*  jQiirnal,  xxxv-  2b9  ;  M,  Da  Luc't  imb^ 
xxxii.87l,niid  xxKvi.  f)7i  Mr.  Singer  on  ihe  Elecuiol  Ciilumn,  xxx^ 
379,  and  )ii«  work  on  Galvanic  Eicclricliy ;  Dr.  Boiiock'a  Eiuy  in  Tboa: 
ton'*  Anna]],  lii.  38 ;  Sir  H.  D.ivy's  chapter  on  Eienripal  AltractiM 
RepuUion,  in  hii  Elcmrnti  nf  Chem,  Philoi.  p.  ISf,  Uii  \h»  \H.  f 
G»j  LuMac  and  Tbenard'a  Rechetchet. 
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jijnble  diflbrence.  To  explain  these,  it  was  long  ago  sug- 
gBted  bj  Mr.  Nicholson/  that  the  electricity,  excited  by  the 
onnoo  machine,  is  developed  in  much  smaller  quantity,  but 
■lUf^state  of  concentration  or  intensity  than  the  elec- 
tORTf  of  galTanism.  Hence^  its  velocity  is  much  more  rapid ; 
ad  hence  it  readily  passes  through  plates  of  air  and  other 
MKoiidactorsy  that  are  scarcely  permeable  by  galvanic  elec- 
IDC^.  By  virtue  of  the  same  property  it  disperses  the  metals 
iidie  finrm  of  smoke;  while  the  utmost  effect  of  a  Voltaic 
mogeoient  is  to  melt  them  into  globules.  By  doubling  the 
fwititj  of  galvanic  electricity,  also,  we  ignite  only  a  double 
iBfth  of  metallic  wire,  and  the  ignition  is  more  permanent ; 
kt  the  intensity  of  common  electricity  is  such,  that  by 
JHibliiig  its  quantity  we  ignite  four  times  the  length  of  wire, 
■d  the  effect  is  little  more  than  momentary .f 

Hie  comparative  quantities  of  electricity  evolved  by  the 
moon  machine  and  by  a  Voltaic  apparatus,  have  been  made 
inbject  of  calculation  by  Mr.  Nicholson.  A  pile  consisting 
iiOO  half  crowns,  with  the  same  number  of  pieces  of  zinc, 
induced,  he  found,  200  times  more  electricity  than  could  be 
chained,  in  an  equal  time,  from  a  24!  inch  plate  machine  in 
Mostant  action.  Van  Marum  has,  also,  observed  that  a  single 
Mtact  of  a  Leyden  jar  or  battery  with  a  Voltaic  pile  charges 
it  to  the  same  degree,  as  six  contacts  with  the  prime  conductor 
of  a  powerful  machine. 

It  might  naturally  be  expected  that  a  proportion  would  be 
fil^Krved  between  the  quantity  of  surface  composing  galvanic 
vnmgements,  and  their  power  of  action;  and  such,  with 
Mine  limitation,  is  the  fact.  With  plates  of  the  same  size, 
tlie  effect,  generally  speaking,  is  proportional  to  the  number. 
^Qtby  enlarging  the  size,  without  increasing  the  number, 
either  the  shock  nor  the  power  of  decomposing  water  and 
^er  imperfect  conductors,  is  proportionally  increased.  A 
'^arkable  proof  of  this  is,  that  Mr.  Children's  great  battery 
^  20  double  plates,  4  feet  by  2,  had  no  more  effect  on  the 
homan  body,  or  in  decomposing  water,  than  a  battery  con« 

^ —  .  _  

*  See  his  Journal,  4to.  iv«  S44.  f  Cuthbertson,  p.  878* 
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taining  the  same  number  of  small  plates.  On  the  contraryi 
to  obtain  a  great  increase  of  effect  in  the  combustion  of  metals, 
it  is  necessary  to  enlarge  considerably  the  size  of  the  platci. 
Thus  100  plates  of  four  inches  square  produce,  in  this  way^ 
an  incomparably  greater  effect,  than  the  same  surface  divid^ 
into  four  times  the  number. 

The  efiect  of  multiplying   the  number   of  plates,  it  has 
already  been  observed,  is,  that  we  obtain  electricity  of  a  higher 
intensity,  and  it  was  supposed  by  Volta*  that  the  proportion 
is,  as  nearly  as  can  be  judged,  an  arithmetical  one.     If,  for 
example,  we  have  a  certain  intensity  with  90  pairs,  it  should 
be  doubled  by  40,  trebled  by  60,  and  so  on.     It  has  been 
shown,  however,  by  Sir  H.  Davy,t  that  by  increasing  the 
number  of  plates,  the  quantities  of  gas,  evolved  from  wateri 
were  nearly  as  the  squares  of  the  numbers.     By  a  sufllcient 
increase,  the  most  astonishing  effects  may  be  produced.  Thus 
the  combination  belonging  to  the  Royal  Institution,  which 
contains  2000  double  plates,  each  having  a  surface  of  SS  square 
inches,  when  in  action,  melts  platinum,  as  easily  as  wax  is 
melted  by  a  candle,  and  fuses  quartz,  the  sapphire,  lime,  and 
magnesia.  By  enlarging  the  size,  without  increasing  the  num* 
her,  it  has  also  been  shown  that  we  gain,  not  in  intensity, 
which  remains  exactly  the  same,  but  in  quantity.     Now,  for 
the  combustion  of  metals,  what  we  principally  want  is  a  large 
quantity  of  electricity;  for  as  they  are  perfect  conductors,  it 
finds  a  ready  passage  through  them  even  when  of  low  inten« 
sity.  On  the  contrary,  to  find  its  way  through  fluids  and  other 
imperfect  conductors,  it  must  be  evolved  in  a  high  state  of 
concentration.     The  facts,  therefore,  accord  sufiiciently  well 
with  the  explanation,  to  entitle  it  to  be  received  as  a  probable 
hypothesis. 


•  Nicholson's  Journal,  8vo.  i.  139. 
t  Elemeuts  of  Chem.  Philos.  p.  165. 
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SECTION  V[. 


Of  Electro-Magnetic  Phenomena. 


All  the  effects  of  galvanic  avrangements,  that  have  hitherto 
been  described,  are  projuced  in  boiiics  when  interposed  be- 
tween the  extremities  of  conductors  proceeding  from  the  po- 
Htive  and  negative  poles ;  in  other  words,  so  placed  that  the 
galvanic  current  is  trnperfeclly  continued  throLgh  the  body 
intended  to  be  acted  upon.  It  was  not  known  that  the  electric 
current,  passing  uninlerruptedly  through  a  wire  connecting  the 
tifo  ends  of  a  galvanic  batterj-,  is  capable  of  being  manifested 
by  any  effect,  liil  Professor  Oersted,  of  Copenhagen,  in  the 
winter  of  1819,  discovered  an  unequivocal  test  of  its  passage  in. 
its  effect  on  the  magnetic  needle.  The  opposite  poles  of  a  bat- 
tery of  sufRcient  magnitude,  in  full  action,  were  joined  by  a 
melfillic  wire,  which,  for  shortness,  he  calls  the  uniting  coti- 
liuctor,  or  uniting  tuire.  This  wire  was  either  placed  hori- 
zontally, (see  pi.  iv.  fig.  37.)  or  bent  in  any  other  direction 
required  by  the  nature  of  the  experiment.  When  the  wjre 
was  placed  horizontally  over,  and  parallel  to  a  tnagnetic 
needle  properly  suspendul,  and  at  a  distance  not  cxcccduig 
Uiroc  quarters  of  an  inch,  the  needle  was  moved,  and  the  end 
of  il  next  to  the  negative  pole  of  the  battery  turned  westwards. 
The  ciixumslances  of  the  eiCperiment  remaining  hi  eveiy  re»^ 
pect  the  same,  except  that  the  uniting  wire  was  plnce4  under. 
ibc  needle  instead  of  over  it,  the  declination  of  the  needle  was 
in  an  opposite  direction  ;  for  the  pole  next  the  negative  end 
of  the  battery  now  turned  eastwards.  Again,  when  the  con- 
Aectiiig  wire  and  secdlc  were  situated  in  the  eame  horizontal 
plane,  no  decimation  took  place,  either  to  the  east  or  wesli 
but  an  inclinalion,  or  vertical  dip  of  the  needle  was  obsevved. 
■When  the  unitmg  wire  was  west  of  the  needle,  the  pole  next 
to  the  negative  end  of  the  buttery  was  dqiressed ;  ivhrai  the. 
wire  was  to  the  east,  the  same  pole  was  elevated. 

Wlicn  the  uniting  wire  was  situated  perpend icukrly  to  the 
plane  of  the  magnetic  meridian,  the  needle,  wh^her  abore 
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or  below  the  wire,  remained  at  rest,  unless  the  pole  were  very 
near  the  wire.  In  that  case,  the  pole  was  elevated^  if  the  ne- 
gative electricity  entered  from  the  west  side;  and  depressed^  if 
from  the  east.  M.  Von  Buch  has  since,  however,  shown  that 
this  state  of  rest  does  not  continue  in  two  of  the  four  positions 
of  the  wire,  provided  a  sufficient  galvanic  power  be  employed 
in  the  experiment.     (Ann.  of  Phil.  N.S.  ii.  285.) 

When  the  uniting  wire  was  perpendicularly  opposite  to  the 
north  pole  of  the  suspended  needle,  and  the  upper  extremity 
of  the  wire  connected  with  the  negative  end  of  the  battery,  the 
pole,  when  brought  near  the  wire,  moved  towards  the  east. 
Sut  when  the  wire  was  oi^posite  to  a  point  between  the  pole 
and  the  middle  of  the  needle,  the  pole  moved  westwards. 
When  the  upper  end  of  the  wire  was  made  to  receive  positive 
electricity,  the  phenomena  were  reversed. 

The  amount  of  these  effects  diminished  with  the  decreasing 
power  of  the  battery,  and  with  the  distance  of  the  needle  from 
the  uniting  wire.  This  wire,  it  was  found,  may  consist  of 
almost  any  metal ;  nor  does  it  lose  its  effect  though  interrupt- 
ed by  a  column  of  water,  provided  the  column  does  not  ^x* 
tend  to  several  inches  in  length.  It  is  remarkable,  also,  con« 
trary  to  what  is  observed  in  any  other  effect  of  electricity  or 
^Ivanisra,  that  the  influence  of  the  uniting  wire  passes  to  the 
needle  through  plates  of  glass,  metal,  or  wood,  the  disc  of  an 
electrophorus,  or  a  stone-ware  vessel  of  water ;  nor  docs  the 
sudden  interposition  of  any  of  these  bodies  destroy  or  sensibly 
diminish  the  effect.  On  needles  of  brass,  glass,  or  gum  lac, 
no  effect  whatever  is  produced. 

The  common  electrometer  indicates  the  tension  or  intensity 
of  electricity;  but,  till  the  discovery  of  M.  Oersted,  we  had 
no  instrument  to  show  the  direction  of  its  current.  The 
effect  on  the  needle  depends,  indeed,  entirely  on  the  current. 
So  long  as  this  current  is  interrupted,  no  effect  is  produced 
on  the  needle ;  but  the  moment  it  is  restored,  the  north  pole 
of  the  needle  is  turned  to  the  Icfl  of  the  observer,  supposing 
bim  to  have  his  face  directed  towards  that  pole.  This  may  be 
more  briefly  expressed  by  saying,  that  the  north  pole  is  carried 
to  the  left  of  the  current  which  acts  upon  the  needle.     We 
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thus  acquire  k  galvanometer^  capable  of  pointing  out  the  direc- 
tion of  the  electric  current  under  all  circumstances. 

By  an  instrument  nicely  constructed  on  this  principle,  M. 
Ampere  ascertained  that  the  current  in  the  voltaic  battery  it- 
selfv  from  the  negative  to  the  positive  extremity,  has  the  same 
influence  on  the  needle,  as  that  current,  which,  in  the  uniting 
wire,  goes  on  the  contrary  from  the  positive  to  the  negative 
pole.  This  is  best  shown  by  two  needles,  the  one  placed  upon 
the  pile,  the  other  above  or  under  the  conductor.  In  each, 
the  north  pole  of  the  needle  will  be  seen  turned  to  the  left  of 
the  current  near  which  it  is  placed :  the  two  needles  are  both 
carried  to  the  same  side,  and  arc  nearly  parallel,  when  one  is 
above  the  pile,  and  the  other  beneath  the  conductor. 

When  two  rectilinear  portions  of  two  conducting  wires, 
joining  the  extremities  of  two  voltaic  piles,  are  so  disposed 
that  the  one  is  fixed  and  the  other  suspended  so  as  to  be 
moveable,  the  latter  will  approach  the  former  if  the  currents 
be  in  the  same  sense,  and  will  be  repelled  when  the  currents 
are  in  opposite  directions.  In  common  electrical  attractions 
and  repulsions,  electricities  of  the  same  name  are  mutually 
repulsive,  and  opposite  electricities  attract  each  other.  But 
m  the  attractions  and  repuUions  of  electric  currents,  it  is  pre- 
cisely the  reverse,  the  repulsion  taking  place  only  when  the 
wires  are  so  situated  that  the  currents  are  in  opposite  direc- 
tions. The  attractions  and  repulsions  of  these  currents,  un- 
like the  mutual  action  of  bodies  electrized  in  the  common 
way,  takes  place  equally  in  vacuo  as  in  air. 

The  discovery  of  M.  Oersted  was  limited  to  the  action  ok 
the  electric  current  on  needles  previously  magnetized.  But 
it  was  afterwards,  and  about  the  same  time,  ascertained  both 
by  Sir  H.  Davy  and  M.  Arago,  that  magnetism  may  be  de- 
veloped, in  steel  not  previously  possessing  it,  by  being  pLieed 
in  the  electric  current,  and  may  even  be  excited  in  the  unit- 
ing wire  itself.  Both  philosophers  ascertained,  independt  iitly 
of  each  other,  that  the  uniting  wire,  becoming  a  magnet,  at- 
tracts iron  filings,  and  collects  sufiicicnt  to  acquire  the  diame- 
ter of  a  common  quill.  The  moment  the  connexion  is  broken, 
all  the  filings  drop   csfi*\^  and   the  attraction  diminishes  also 

*M.  Arago  aficrwards  di'termined  that  the  wire  retains  its  umgiictistn 
for  a  few  instants  after  the  connexion  is  broken,  bul  that  it  soon  ceaic:>. 
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with  the  decaying  energy  of  the  pile.     Filings  of  brass  or 
copper,  or  wood  shavings,  are  not  attracted  at  all. 

The  communication  of  magnetic  properties  to  a  steel  needle 
was  effected,  by  Sir  H.  Davy  and  M.  Arago,  in  different  ways* 
The  former  observed  that  steel  needles,  placed  upon  the  con«> 
necting  wire,  became  magnetic;  those  parallel  to  the  wire 
acted  like  the  wire  itself;  those  placed  across  it  each  acquired 
two  poles.  Such  as  were  placed  under  the  wire,  the  positive 
end  of  the  battery  b&ing  east,  had  north  poles  on  the  south  of 
the  wire,  and  south  poles  to  the  north.  The  needles  above 
were  in  the  opposite  direction,  and  this  was  constantly  the 
case,  whatever  might  be  the  inclination  of  the  needle  to  the 
wire.  On  breaking  the  connexion,  the  steel  needles,  placed 
across  the  uniting  wire,  retained  their  mngnetisni,  while  those 
placed  parallel  to  it  lost  it  at  the  moment  of  disunion.  Con- 
tact with  the  uniting  wire  was  not  found  necessarj*,  for  the 
«^ec.t  was  produced  though  thick  glass  intervened.  Increas- 
ing the  siifc  of  the  plates  of  the  batt«ry  increased  the  magnetic 
effect  of  the  connecting  wires;  thus  the  wire  uniting  the  poles 
of  a  battery  of  60  pairs  of  plates  did  not  take  up  half  so  much 
&llngs,  as  when  the  battery  was  arranged  so  as  to  form  30 
pairs  of  twice  the  size. 

Sicnilar  effects  wefe  produced  in  Sir  IJ.  Davy's  experi- 
ments by  the  electricity  excited  by  a  common  machine.  A 
battery  of  1 7  square  feet,  discharged  through  a  silver  wire 
l>-20th  of  an  inch  diameter,  rendered  bars  of  steel,  two  inches 
long  and  ftoni  l-lOth  to  l-20th  thick,  so  magnetic  as  to  lift 
up  pieces  of  steel  wire  and  needles ;  and  the  efilft^»was  com- 
municated to  needles  at  tlic  distance  of  five  inches  from  the 
wire,  even  with  the  intervention  of  water  or  of  thick  plates  of 
glass  or  metal.  Various  other  impoAant  facts  respecting  the 
communication  of  magnetism  dre  described  in  the  paper  of 
the  same  author,  published  in  the  Philosophical  Transactions 
for  1821,  all  tending  to  establish  the  conclusion  that  magne- 
tism is  produced  whenever  concentrated  electricity  is  passed 
through  space. 

On  the  suggestion  of  M.  Ampere,  M.  Arago  communicated 
magnetism  to  the  needle  in  a  different*  manner.  A  copper 
wire,  by  being  rolled  round  a  solid  rod,  was  twisted  into  a 
soiral  so  as  to  form  a  helix^    It  was  easy,  by  passing  the  wire 
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round  the  rod,  in  one  direction  or  tlie  other,  to  form  a  dei- 
Irorsai  helix,  jirocceding  from  the  right  hand  towards  the  left, 
as  in  iho  tendrils  of  many  plants;  or  a  iiriiitrorsol,  or  left  helix, 
proceeding  downwards  from  the  left  hand  to  the  right  aliove 
the  axis.  Into  the  cavity  of  a  spiral  thus  formed,  connectinfj^ 
the  two  poles  of  a  battery,  a  steel  needle  wrapped  in  paper 
was  introduced;  and  in  order  to  exclude  all  influence  of  the 
magnetism  of  the  enrih,  the  conclioidal  part  of  the  wire  was 
kept  constantly  perpendicular  to  the  magnetic  meridian.  In 
a  few  minutes  the  needle  had  acquired  a  sufficiently  strong 
dose  of  magnetism  ;  and  the  position  of  the  north  and  south 
poles  exactly  agreed  wiih  Mr.  Ampere's  notion,  that  the 
electric  current  traverses  the  connecting  wire  in  a  direc- 
tion from  the  zinc  extremity  of  the  pite  to  the  copiicr  ex- 
tremity. 

In  another  experiment,  using  one  copper  wire,  two  symme- 
trical spirals  were  formed,  each  nearly  two  inches  long,  and 
separated  by  n  rectilinear  piece  of  the  same  metal,  the  spirals 
of  the  two  being  turned  in  contrary  senses.  Within  each  of 
these  spirals  a  needle,  properly  guarded,  was  included,  and  tlic 
connexion  made  between  the  two  ends  of  a  galvanic  battery. 
The  result  was  that  both  the  needles  were  magnetized,  but  in 
cscactly  opposite  senses.  When  a  right  helix  had  been  used, 
that  end  of  the  needle,  which  had  been  placed  towards  the 
negative  pole  of  the  battery,  pointed  to  the  north,  and  the  other 
end  to  the  south;  but  with  a  left  helix,  that  end  of  the 
needle  wliich  had  been  nearest  the  positive  pole  of  the  battery 
pointed  north,  and  the  other  end  south.  In  one  case,  whco 
the  connecting  wire  had  been  twisted  into  three  consecutive 
helices,  the  middle  one  being  different  from  the  other  two,  n 
single  piece  of  steel  wire,  sufficiently  long  to  pass  through  all 
three,  being  inclosed  in  a  glass  tube,  was  placed  within  them. 
On  being  removed,  it  was  found  to  have  acquired  six  poles: 
first  a  north  pole,  a  little  further  on  a.  south  pole,  then  an- 
other south  pole,  a  north  pole,  another  north  pole,  and  at  the 
further  end  a  south  )ioie. 

The  electricity  of  a  common  machine,  it  was  afterwards  as- 
certained by  the  Chev.  Yelin,  when  passed   along  a  helix. 
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either  in  simple  electrical  sparks,  or  discliarges  Prom  a  battery, 
has  the  efTcct  of  rendering  an  included  needle  magnetic. 
In  varying  these  experiments,  M.  Bockman  ascertainad  that 
no  modification  of  the  eifcct  was  produced  by  altering  the 
diameter  of  the  helix  from  half  an  inch  to  13  inches.  With 
a  helix  of  3^  inches  diameter,  and  a  coated  surface  of  300 
square  inches,  much  less  mngnetism  was^  however,  imparted ; 
and  with  one  of  84?  inches  it  was  scarcely  perceptible.  It  was 
found  that  a  needle  outside  of  the  helix  was  magnetized  aa 
much  (IS  one  within;  that  after  being  once  fully  magnetised,  a 
continuation  of  tlie  discharges  diminished  its  power;  and  that 
five  jars,  each  of  300  square  inches,  did  not  produce,  by  re- 
peated discharges,  much  more  ejGTect  than  one  of  them. 

Any  wire,  through  vvhich  a  current  of  electricity  is  passing, 
lias  a  tendency  to  revolve  round  a  magnetic  pole,  in  a  plane 
perpendicular  to  the  current;  and  that  without  any  reference 
to  the  axis  of  the  magnet,  the  pole  of  which  is  used.  Also  a 
magnetic  pole  has  a  tendency  to  revolve  round  such  a  wire. 

Suppose  the  wire  perpendicular,  its  upper  end  positive,  or 
attached  to  the  positive  pole  of  a  voltaic  battery,  and  its  lower 
end  negative;  and  let  the  centre  of  a  watch  dial  represent  the 
magnetic  pole  :  if  it  be  a  north  pole,  the  wire  will  rotate  round 
it  in  the  direction  that  the  watch  hands  move;  if  it  be  a 
south  pole,  the  motion  will  be  in  the  opposite  direction.  From 
these  two,  the  motions  which  would  take  place  if  the  wire  were 
inverted,  or  the  pole  changed  or  made  to  move,  may  be  rea- 
dily ascertained,  since  the  relation  now  pointed  out  remains 
constant. 

The  apparatus  in  the 
sketch  is  the  ingenious  in- 
vention of  Mr.  Faraday, 
and  is  intended  to  illus- 
trate these  motions.  The 
central  pillar  supports  a 
piece  of  thick  copper 
wire,  which,  on  the  one 
side,  dip«  into  the  mer- 
cury contained  in  a  small 
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glass  cup,  a.  To  a  pin  at  tlie  bottom  of  this  cup  a  small  cy- 
lindrical magnet  is  attached  by  a  piece  of  thread,  so  that  one 
pole  shall  rise  a  little  above  the  surface  of  the  mercury,  and  be 
M  liberty  to  move  round  the  whe.  The  bottom  of  the  cup  is 
perforated,  and  has  a  copper  pin  passing  through  it,  whicb^ 
touching  the  mercury  in  the  inside,  is  also  in  contact  with  the 
wire  that  proceeds  outwards  on  that  side  the  instrument.  On 
the  other  side  of  the  instrument,  I,  the  thick  copper  wire,  soon 
after  turning  down,  terminates,  but  a  thinner  piece  of  wire 
forms  a  communication  between  it  and  the  mercury  in  the 
cup  beneath.  As  freedom  of  motion  is  required  in  this  wire, 
it  is  made  to  communicate  with  the  former  by  a  ball  and 
socket  joint,  tlie  ball  being  held  in  the  socket  by  a  piece  of 
thread  ;  or  else  the  ends  are  bent  into  books,  and  the  one  thea 
hooked  onto  the  other.  As  good  metallic  contact  is  required* 
the  parts  should  be  amalgamated,  and  a  small  drop  of  mer- 
cury placed  between  them,  and  the  lower  ends  of  the  wire 
should  also  be  amalgamated.  Beneath  the  hanging  wire  a 
small  circular  magnet  is  fixed  in  the  socket  of  the  cup,  I,  so 
that  one  of  its  poles  is  a  little  above  the  mercury.  As  in  the 
former  cup,  a  metallic  connexion  is  made  thiough  the  bottom 
from  the  n>ercury  to  the  external  wire. 

If  now  the  polos  of  a  battery  be  connected  with  tlie  hori- 
soQtal  external  wires  cc,  the  current  of  electricity  will  be 
tlirough  the  mercury  and  the  horizontal  wire  on  the  pillar 
which  connects  them,  and  it  will  now  be  found  that  the 
moveable  part  of  the  wire  will  rotate  round  the  magnetic 
pole  in  the  one  cup,  b,  and  the  magnetic  pole  round  the  fixed 
wire  in  the  other  cup,  a,  in  tlic  direction  before  mcn- 
tioncil. 

By  using  a  delicate  apparatus,  the  magnetic  pole  of  the 
earth  may  be  made  to  j>ut  the  wire  in  motion.  The  rotation 
tbeu  takes  place  round  a  line  parallel  to  tlic  dipping  needle: 
hence  tlie  rotating  wire  must  always  be  inclined,  so  that  (he 
wtid  it  describes  in  revolving,  ii'  a  cone,  and  not  a  mere 
cirdie,  should  include  a  line  parallel  to  tlie  dip  which  passes 
tkfOugli  its  apex. 


I 
I 
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Anollicr  ingenious  contrivance  for  illustrating  the  rotatory 
motion  of  the  wire  round  the  pole  of  a  magnet,  has  been  in- 
vented by  M.  Ampere,  and  has  the  advantage  of  comprising 
within  itself  the  voltaic  combination  which  is  employed. '  It 
consists  of  a  cylinder  of  copper  about  2  inches  high,  nnd  If 
internal  diameter,  within  which  is  a  smaller  cylinder  about 
1  inch  diameter.  (See  the  wood  cut.)  The  two  cylinders 
are  fixed  together  by  a  bottom,  having  a  hole  in  its  centre 
the  size  of  the  smaller  cylinder,  leaving  a  circular  cell  which 
may  be  filled  with  acid.  A  piece  of  strong  copper  wire  is 
&stened  across  the  top  of  the  inner  cylinder,  and  from  the 
middle  of  it  rises  at  n  right  angle  a  piece  of  copper  wire,  sup- 
pordng  n  very  small  metal-  cup  containing  a  few  globules 
of  mercury.  A  cylinder  of  zinc,  open  at  each  end,  and  about 
3^  inch  diameter,  completes  the  voltaic  combination.  To  the 
latter  cylinder  a  wire,  bent  like  an  inverted  U,  is  soldered  at 
opposite  sides ;  and  in  the  bend  of  this  wire  a  metallic  poiat 
»  fixed,  which,  when  fixed  in  the  little  cup  of  mercury,  so^ 
pends  the  ranc  ^linder  in  the  cell,  and  allows  it  a  free  circa* 
iar  moUon.  On  the  suggestion  of  Mr.  Bailow,  Mr.  Mewmao 
has  lately  fixed  an  additional  point  directed  downward*  from 
Jhecentralpartofthestronger  wire,  which  point  is  adapted 
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to  a  small  hole  at  the  top  of  a  bar  magnet.  When  the  ap- 
paratus witii  one  point  only  is  chargMl  with  diluted  acid,  and 
set  on  the  end  of  a  magnet  placeil  vertically,  the  zinc  cylinder 
revolves  in  a  direction  determined  by  tlie  magnetic  pole  which 
is  uppermost.  With  two  points,  the  copper  revolves  in  one 
direction,  and  the  zinc  in  a  contrary  one.  The  magnet  em- 
ployed should  be  a  powcifiil  one. 

As  it  is  not  easy  always  to  Iiear  in  mind  the  direction  in 
which  the  different  poles  of  a  magnet  tend  to  revolve  round 
the  galvanised  wire,  or  in  which  the  wire  tends  lo  revolve 
round  each  respective  magnetic  polo,  the  followinf^  contri- 
vance, invented  by  Dr.  Koget,  which  he  has  been  so  good  as 
to  communicate  to  me,  will  be  found  very  useful  in  aiding 
our  conceptions,  while  studying  the  circumstances  of  an  ex- 
periment, or  anticipating  ihc  result  of  any  new  conibi nation. 
AB.  (see  the  wood  cut)  is  a  slip  , 

of  card,  on  each  side  of  which  a 
line  a  [i  is  drawn  along  the  middle 
of  its   length,    the    end    a     being 
maked  +  ,  the  end  b  —  ,  and  the 
centre  c  being  crossed  by  an  arrow 
at  right  angles  to  it,  directed  as  in  /'jV'^ 
the  figure.     Through  the  centre [t^^i^t^ 
and  at  right  angles  to  the  plane  V         ' 
of  the  slip  of  card,  there  is  made 
to  pass  a  slender  stem  of  wood,  at 
ihe  two  ends  of  which  ore  fixed, 
in  planes  parallel  to  the  slip  of  card  — 

AB,   the   circular  discs  of  card, 

marked  restjectively  with  the  leiters  N  and  S,  and  with  arrows 
parallel  to,  but  pointing  in  a  contrary  direction  lo  the  one 
at  c.  The  same  marks  must  bo  jiut  on  the  reverse  of  each  of 
the  three  pieces  of  card,  so  that  when  held  in  difterent  situ- 
ations they  may  be  seen  without  turning  the  instrument-!  .^»ll 

If  the  line  abbe  supposed  to  represent  the  galvanic  wire, 
(the  direction  of  the  current  of  electricity  being  denoted  by 
the  signs  +  and  — ,  at  the  ends  of  the  line,)  the  arrow  at  the 
centre  will  point  out  the  direction  in  which  it  tends  to  move, 
wbeo  under  the  influence  of  the  north  pole  of  a  mogiHl  situ- 
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4ited  at  N ;  or  of  a  south  pole  situated  on  the  other  aide  at 
S :  and^  vice  versa^  the  arrows  at  N  and  S  will  indicate  tbe 
directions  in  whidi  the  north  and  south  pole,  respectiTeijr, 
tends  to  revolve  round  the  galvanised  wire  in  its  vicinity,  with 
relation  to  the  direction  of  the  current  of  electricity  that  ia 
|)assing  through  it. 

It  must  be  observed  that  the  poles  N  and  S  are  here  not 
considered  as  in  connexion  with  each  otlier,  or  ns  forming 
parts  of  one  magnet :  their  operations  are  exhibited  singly, 
and  quite  independently  of  each  other.  The  advantage  of  thia 
little  instrument  consists  in  its  being  capable  of  being  held 
in  any  situation,  and  thus  easily  adapted  to  the  circumstances 
of  any  &ct  or  experiment,  of  which  we  may  wish  to  examine 
the  theory. 

The  above  is  but  a  very  imperfect  outline  of  the  important 
facts  already  known  respecting  electro*magnetism ;  but  it 
would  lead  me  into  details  too  extensive  for  this  work  to  go 
farther  into  the  subject.  I  refer,  therefore^  to  the  original 
memoirs  of  Oersted,*  Arago,t  Am))ere,{  Sir  H.  Davy,§  Fa* 
raday,||  and  others;  and  those^  who  wish  only  for  a  general 
view  of  the  subject,  will  find  it  in  an  ^*  Historical  SkeCx^  of 
Electro-magnetism,"  published  in  the  Sd  and  Srd  volume^ 
N.S.  of  the  Annals  of  Philosophy.  It  is  necessary,  however, 
before  dismissing  the  subject,  to  offer  a  brief  view  of  the  ex* 
planation  which  has  been  given  of  the  leading  phenomena. 

The  theory  of  Oersted,  which,  thou^  it  appears  to  have 
led  him  to  his  principal  discoveries,  is  not  stated  in  a  very  in- 
telligible manner,  rests  on  the  assumption  of  two  diflferent 
and  opposite  electricities,  positive  and  negative,  tbe  former  of 
which  is  developed  by  the  more  oxidizable,  the  latter  by  the 
less  oxidisable  metal  of  galvanic  arrangements.  Each  of  these 
forces  has  a  repulsive  activity  for  itself,  and  an  attractive 
activity  for  the  opposite  force.  In  the  wire  connecting  tbe 
two  opposite  poles  of  a  galvanic  battery,  and  in  the  wpmo% 
around  it,  there  are,  he  supposes,  two  currents,  the  one  of 
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positive,  the  other  of  negative  electricity,  moving  in  spiral  and 
opposite  directions ;  and  an  efiect  is  supposed  to  take  place 
in  the  wire  and  around  it,  dependent  on  the  union  of  these 
electricities,  to  which  he  gives  the  name  of  the  electric  conflicts 
By  this  conflict,  all  non-magnetic  bodies  appear  to  be  pene-^ 
trable,  while  magnetic  bodies,  or  rather  their  magnetic  par* 
tides,  resist  its  passage,  and  are,  therefore,  moved  by  the 
impetus  of  the  contending  powers.  All  the  effiscts  on  the 
north  pole  of  the  needle  may  be  understood  by  supposing 
that  negative  electricity  moves  in  a  spiral  line  bent  to  the 
right,  propelling  the  north  pole,  but  not  acting  on  the  south 
pole.  To  positive  electricity  a  contrary  motion  is  ascribed^ 
and  a  power  of  acting  on  the  south  pole,  but  not  on  the  n6rtb« 
This  theory  requires,  therefore,  that  there  be  two  electric 
fluids :  but  in  the  opinion  of  Dr.  Wollaston,  which  on  every 
obscure  topic  of  science  is  entitled  to  the  greatest  deference^ 
the  phenomena  may  be  equally  well  explained  by  a  single 
electro-magnetic  current,  passing  round  the  axis  of  the  wire^ 
in  a  direction  determined  by  the  {>osition  of  the  voltaic  poles. 
The  assumption  of  such  a  current  is,  it  must  be  confessed^ 
altogether  gratuitous ;  but,  without  such  a  supposition,  it  ia 
not  easy  to  conceive  any  adequate  cause  for  the  motions  that 
are  observed  in  the  magnetic  needle,  when  brought  within 
the  influence  of  the  uniting  wire.  Further  researches  will 
probably  unfold  the  causes  of  these  interesting  phenomena^ 
and  class  them  under  general  laws,  founded  on  a  more  exteiw 
•ive  induction  of  facts  than  we  now  possess,  notwithstanding 
the  zeal  and  genius  that  have  already  been  devoted  to  the 
enquiry. 
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CHAPTER  VI. 


OF   ELECTRO- NEGATI>'E   BODIES. 


In  conformity  with  the  principle  of  arrangement  which 
has  been  explained  in  the  Introduction,  I  shall  commence 
with  that  class  of  bodies,  the  individuals  of  which  are  chiefly 
distinguished  by  the  property  of  being  attracted  by  |X)sitively 
electrified  surfaces,  and  repelled  by  negative  ones,  and  the 
natural  state  of  which  may,  therefore,  from  the  common  laws 
of  electrical  attraction  and  repulsion,  be  inferred  to  be  ne- 
gative. They  may  be  termed,  for  the  sake  of  brevity,  electro- 
negative  bodies.  Though  highly  important  from  their  exten- 
sive influence  as  chemical  agents,  yet  their  number  is  but 
small;  for  they  consist  only  of  oxygen,  chlorine,  iodine, 
and  a  fourth  body,  which  is  only  very  imperfectly  known  to 
us,  FLUORINE.  These  bodies  have  been  classed  together  from 
another  circumstance  of  resemblance,  that  of  being  what  has 
been  termed  supporters  of'  comlustion.  But  to  the  latter  prin- 
ciple of  arrangement  may  be  objected  the  more  extensive  use, 
which  is  now  made  in  chemistry,  of  the  term  combustion,  to 
express  all  chemical  combinations,  which  are  accompanied 
with  the  extrication  of  heat  and  light.  Now  these  appear- 
ances constantly  attend  the  union  of  some  of  the  simple  com- 
bustible bodies  with  each  other,  (sulphur  and  copper  for  in- 
stance); and  we  must  seek,  therefore,  for  similitudes  of  a  more 
comprehensive  kind,  on  which  to  found  the  classification  of 
chemical  substances.  In  the  present  state  of  our  knowledge, 
none  appears  to  me  preferable  to  that  which  distributes  them 
into  two  great  classes ;  the  electro-negative,  or  bodies  that 
are  attracted  by  the  positive  pole  of  a  galvanic  or  electrical 
arrangement,  which  are  the  four  already  mentioned ;  and  the 
£L£CTRO-POSiTivE,  or  those  that  are  attracted  by  the  negative 
pole.  The  latter  class,  it  will  aflerwards  appear,  contains  a 
much  greater  number  of  individuals,  and  may  itself,  with 
great  advantage  to  perspicuity  and  order,  be  divided  into 
several  subordinate  genera. 
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SECTION  I. 

Of  Oxygen. 

We  have  no  knowledge  of  the  properties  of  oxygen  in  a 
state  of  complete  separation.  In  the  most  simple  form^  under 
which  we  can  procure  it,  it  is  combined  with  caloric,  and  pro- 
bably with  light  and  electricity,  constituting  oxygen  gas. 

This  gas  was  discovered  by  Dr.  Priestley  in  August  1774.  He 
first  obtained  it  from  that  oxide  of  mercurj',  which  is  procured 
by  the  long  exposure  of  quicksilver  to  a  boiling  heat,  and 
which  had  then  the  name  of  mercurius  calcinatus  per  se.  After 
investigating  its  properties  with  considerable  skill,  he  gave  it 
the  name  of  dephlogisikated  air.  In  the  following  year, 
Scheele  discovered  it  without  any  knowledge  of  the  previous 
experiments  of  Priestley,  and  called  it  empyreal  aW.  It  has 
been  termed,  also,  vital  air ;  but  all  these  Ivive  given  place  to 
the  narpe  proposed  by  Lavoisier,  whiph  it  now  bears,  nnd 
^%*hich  though  objectionable  on  some  accounts,  %.  is  scarcely 
desirable  to  change. 

ly  Oxygen  gas  may  he  procured  from  various  sulstanceSm 

1.  From  the  black  oxide  of  manganese,  heated  to  redness 
in  a  gun-barrel,  or  in  an  iron  Or  earthen  retort ;  or^  (toxk  ^e 
sdme  oxide,  heated  by  a  lamp  in  a  retort  or  gas-botde,  with 
half  its  weight  of  strong  sulphuric  acid.  One  pound  of  man* 
ganesp  is  capable  of  furnishing  from  40  to  50  wine  pints  of 
gas.  But  as  manganese  is  often  contaminated  with  a  sinall 
proportion  of  carbonate  of  lime^  it  is  advisable,  before  using 
it,  to  wash  it  with  muriatic  or  nitric  acid  diluted  with  15  or 
20  parts  of  wgtcr ;  then  with  distilled  water ;  and  afterwards 
to  dry  it  at  a  moderate  heat. 

2.  From  the  red  oxide  of  lead  (the  common  red  lead  used 
by  painters),  heated  either  with  or  without  half  its  weight  of 
concentrated  sulphuric  acid. 

S.  From  various  other  oxides,  as  will  be  hereafter  men- 
tioned. 

4.  From  nitrate  of  potash  (common  saltpetre)  made  red- 
hot  in  a  fyim-barrel,  or  in  an  earthen  retort. 
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5.  From  chlorate  of  potash,  heated  in  a  small  coated  glass 
retort,  over  an  Argand's  lamp.  The  oxygen  gas  thus  pro- 
duced, is  much  purer  than  that  obtained  in  any  other  mode^ 
especially  the  last  portions,  whicii  should  be  kept  separate. 
It  will  be  found,  also,  to  be  much  less  contaminated  with 
common  air,  if  heated  in  a  small  mattrass,  which  is  best 
when  of  green  glass.  The  chlorate  of  potash  may  be  in- 
troduced while  the  tube  is 
straiglit,  which  allows  us  to 
iise  one  of  very  small  dia- 
meter. After  this,  it  may 
be  bent  by  a  spirit  lamp,  as 
represented  in  the  annexed 
cut. 

All  these  substances,  after  having  yielded  oxygen  gas,  are 
found  considerably  diminished  in  weight;  and  calculating 
each  cubic  inch  of  gas  to  be  equal  to  one  third  of  a  grain,  the 
loss  of  weight  by  the  oxides  will  be  found  equivalent  to  that 
of  the  gas  generated. 

II.  This  gas  has  the  following  properties: 

1.  It  is  7iot  absorbed  btj  water  ;  *  or,  at  least,  is  so  sparingly 
absorbed,  that,  when  agitated  in  contact  with  water,  no  per 
oeptible  diminution  takes  place. 

2/  //  is  rather  heavier  than  common  air.  Messrs.  Allen  and 
Pepys  determined  100  cubic  inches  to  weigh  33.S2  grains,  the 
barometer  being  30,  and  thermometer  60° ;  from  whence  its 
specific  gravity  may  bo  deduced  to  be  1.1088.  By  Biot  and 
Arago  its  specific  gravity  is  stated  to  be  1.10359;  by  The- 
nard  1.1025;  by  Berzclius  and  Dulong  1.1026;  and  by  Dr. 
Thomson  1.1117.  Reckoning  100  cubic  inches  of  atmospheric 
air  to  weigh  30.5  grains,  100  cubic  inches  of  oxygen  should 
weigh,  according  to  Berzelius,  33.629  grains,  or  according  to 
Dr.  Thomson  33.906  grains. 

3.  It  refracts  the  rays  ofTi^j^ht  less  than  any  other  gas. 

•  Iw  thii  as  ill  several  oilier  instances,  where  a  gas  is  said  not  to  be 
absorbed  by  water,  the  assertion  is  not  to  be  taken  strictly,  but  merely  as 
im|)lying  that  only  a  minute  and  difficulty  appreciable  portion  is  absorbed. 
The  precise  proportion  of  each  gas  absorbed  by  water  is  slated  in  chap.  vii. 
sec.  i.art.  1.  in  the  form  of  a  table. 
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4.  When  suddenly  and  strongly  compressed,  not  only  heat» 
is  evolved^  but  the  gas  becomes  luminous^  a  property  belonging 
to  no  other  simple  gas  except  chlorine. 

^.  jill  comlusliUe  bodies  bum  in  oxygen  gas  with  greatly  in-^ 
creased  splendour. 

(a)  A  lighted  wax  taper,  fixed  to  an  iron  wire,  and  plunged 
into  a  vessel  of  this  gas,  burns  with  great  brilliancy,  pi.  iv.  fig. 
38.  If  the  taper  be  blown  out,  and  let  down  into  a  vessel  of 
the  gas  while  the  snuff  remains  red-hot,  it  instantly  rekindles^ 
with  a  slight  explosion. 

(If)  A  red-hot  bit  of  charcoal,  fastened  to  a  copper  wire» 
and  immersed  in  the  gas,  burns  vividly  and  throws  out  beau* 
tifnl  sparks. 

(c)  The  light  of  phosphorus,  burnt  in  this  gas,  is  the 
brightest  that  can  be  in  any  mode  produced ;  if  we  except^ 
perhaps,  the  ignition  of  charcoal  by  voltaic  electricity.  Let 
the  phosphorus  be  placed  in  a  small  hemispherical  tin  cup» 
which  may  be  raised  by  means  of  the  wire  stand,  pi.  ii.  fig.  25> 
two  or  three  inches  above  the  surface  of  water  contained  in  a 
broad  shallow  dish.  Fill  a  bell-shaped  receiver,  having  an 
open  neck  at  the  top,  to  which  a  stopper  is  ground^  with 
oxygen  gas;  and,  as  it  stands  inverted  in  water,  press  a 
circular  piece  of  pasteboard,  rather  exceeding  the  jar  in  dia- 
meter, over  its  mouth.  Cover  the  phosphorus  instantly  with 
the  jar  of  oxygen  gas,  retaining  the  pasteboard  in  its  place,  till 
the  jar  is  immediately  over  the  cup.  When  this  has  been 
skilfully  managed,  a  very  small  portion  only  of  the  oxygen 
gas  will  escape.  The  stopper  may  now  be  removed,  when 
the  water  will  rise  to  the  same  level  within  as  without  the  jar, 
and  the  phosphorus  may  be  kindled  by  a  heated  copper  wire» 
Its  combustion  will  be  extremely  brilliant. 

(d)  Substitute,  for  the  phosphorus  in  experiment  c,  a  small 
ball  formed  of  turnings  of  zinc,  in  which  about  a  grain  of 
phosphorus  is  to  be  inclosed ;  and  set  fire  to  the  phosphorus 
as  before.  The  zinc  will  be  inflamed,  and  will  burn  with 
a  beautiful  white  light.  A  similar  experiment  may  be  made 
with  metallic  arsenic,  which  may  be  moistened  with  spirit  of 
turpentine.  The  filings  of  various  metals  may  also  be  in- 
flamed, by  placing  them  in  a  small  cavity,  formed  in  a  piece  of 
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charcoal,  igniting  the  charcoal,  and  blowing,  on  the  pfl 
containing  the  metal,  a  stream  of  oxygen  gas  from  abladdM 

(e)  Procure  some  thin  harpsichord  wire,  and  twist  it  rcM|| 
a  slender  rod  of  iron  or  glass,  so  as  to  coil  it  up  in  a  qiii| 
form.  Then  withdraw  the  rod,  and  tic  a  litttle  thread  or  ftl 
round  one  end  of  the  wire,  for  about  one  20th  of  an  indk 
Arhich  end  is  to  be  dipped  into  melted  sulphur.  The  odri 
end  of  the  wire  is  to  be  fixed  into  a  cork ;  so  that  the  qiin 
may  hang  vertically  (fig.  89).  Fill,  also,  with  oxygen  gu^ 
bottle  capable  of  holding  about  a  quart,  and  set  it  with'  i 
mouth  upwards.  Then  light  the  sulphur,  and  introduce  Ik 
wire  into  the  bottle  of  gas,  suspending  it  by  the  cork.  T|| 
iron  will  burn  with  a  most  brilliant  light,  throwing  oall) 
number  of  sparks,  which  fall  to  the  bottom  of  the  bottle^ 
generally  break  it.  This  accident,  however,  may  freqw 
be  prevented  by  pouring  sand  into  the  bottle,  so  as  to 
al)out  half  an  inch  deep  on  the  bottom  (see  pi.  iv.  fig. 
According  to  Mr.  Accum,*  a  thick  piece  of  iron  or  steel, 
as  a  file,  if  made  sharp  pointed,  may  be  burnt  in  oxygen 
A  small  bit  of  wood  is  to  be  stuck  upon  its  oKtremity,  and 
on  fire,  previously  to  immersion  in  the  gas.  -.. 

(/)  A  little  6f  Homberg*s  pyropborus,  a  substance  to  ■ 
hereafter  described,  when  poured  into  a  bottle  full  of  this  gtf 
immediately  flashes  like  inflamed  gunpowder. 

From  this  detail  of  its  properties,  it  appears,  therefore^  dl0 
oxygen  gas  is  eminently  a  supporter  of  combustion.  It  wfl 
long,  indeed,  supposed  to  be  the  enly  supporter,  and  the  pv# 
scnce  of  oxygen  was  imagined  to  be  essential  to  combustiott 
It  will  appear,  however,  in  the  sequel,  that  other  simple  bodim 
capable  of  existing  in  an  aerial  form,  are  equally  entitled  V 
rank  as  supporters  of  combustion.  Among  these  are  chlorioi; 
iodine,  and  possibly  fluorine.  But  they  do  not  all  support  thi 
combustion  of  the  same  substances;  charcoal,  for  example 
does  not  burn  in  chlorine,  and  potassium  is  the  only  body  thK 
is  known  to  burn  in  the  vapour  of  iodine. 

III.  During  every  combustion  in  oxygen  gas,  the  gas  sujffwt 
a  considerable  diminution. — To  exhibit  this,  experimentally^  h 

^  Nichoboa'i  Journal,  8to«  i.  dSO. 
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a  ■aimer  perfectly  free  from  all  sources  of  error,  would  re- 
gnie  such  an  apparatus^  as  few  beside  adepts  in  chemistry  are 
Adjy  to  poasess.     The  apparatus  adapted  to  this  purpose  is 
deMribed  in  the  6th  chapter  of  Lavoisier's  Elements.     The 
ftctmayy  however,  be  shown,  less  accurately,  by  the  com- 
hHliuu  of  phosphorus,  in  the  manner  which  has  been  al- 
veidy  described     The  first  effect  of  the  combustion  will  be 
1  depression  of  the  water  within  the  jar ;  but  when  the  com- 
laitum  has  closed,  and  the  vessel  has  cooled,  a  considerable 
iborption  will  be  found  to  have  ensued. 
Tliose  persons,  who  are  possessed  of  a  mercurial  apparatus, 
repeat  this  experiment  in  a  less  exceptionable  manner. 
Cb  the  sur&ce  of  the  quicksilver  let  a  small  hemispherical 
J^  float,  made  of  untinned  sheet-iron ;  and,  in  order  to  keep 
iram   the  sides  of  the  jar,  it  may  rest  on  a  wire-stand, 
like  the  figure  43,  plate  iv.     Let  a  jar,  the  height  and 
of  which  must  be  regulated  by  the  size  of  the  mer- 
trough,  be  filled  with  oxygen  gas  over  water,  and  be 
,  by  means  of  a  piece  of  pasteboard,  as  before  de- 
\,  to  the  mercurial  bath,  inverting  it  dexterously  over 
lb  cup.     If  the  phosphorus  had  been  previously  set  on 
M  a  large  quantity  of  the  gas,  expanded  by  the  heat,  would 
l*e  escaped,  and  would  have  prevented  the  accurate  mea- 
ARment  of  the  absorption.     After  drying  the  surface  of  the 
-■otury  within  the  jar  by  blotting  paper,  a  portion  of  the 
Adoded  gas  must,  therefore,  be  removed.     This  is  done  by 
n  inrerted  syphon,  one  leg  of  which  is  to  be  introduced  (in 
the  tame  manner  as  is  shown  at  fig.  41,  ^)  within  the  jar,  be- 
Aft  placing  it  over  the  mercury;  and  the  gas  will  be  forced 
Anxigh  the  open  extremity  of  the  other,  when  the  jar  is 
down  into  the  quicksilver.     When  the  proper  quan- 
bas  been  expelled,  remove  the  syphon.     The  cup,  con- 
tbiog  the  phosphorus,  will  thus  rest  ou  the  surface  of  the 
^■cksilver  within  the  jar,  and  above  the  level  of  the  mercury 
nhout     The  phosphorus  is  to  be   inflamed  by  passing  a 
crooked  iron  wire,  made  red  hot,  through  the  quicksilver. 
Oa  the  first  impression  of  the  heat  arising  from  its  combus- 
lioD,  the  included  gas  will  be  considerably  expanded ;  but  when 
die  phosphmrus  has  ceased  to  burn,  a  considerable  absorption 
you  u  p 
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•urill  be  found  to  have  taken  place,  the  amount  of  wbich  may 
be  measured  by  ascertaining  the  height  of  the  quicksilver 
within  the  jar,  before  and  after  the  experiment  The  quantity 
of  phosphorus  employed  should  be  very  small,  and  should  not 
"bear  a  greater  proportion  than  that  of  10  grains  to  each  pint 
of  gas;  otherwise  the  combustion  will  go  on  so  hvj  as  to  en- 
danger the  breaking  of  the  jar,  by  the  approach  of  the  in- 
flamed phosphorus. 

In  this  process,  a  dense  white  vapour  is  produced,  which 
concretes  on  the  inner  snrfece  of  the  jar  in  solid  flakes.  This 
substance  has  strongly  acid  properties ;  and,  being  formed  by 
the  union  of  oxygen  with  phosphorus,  is  termed  the  phos- 
phoric acid. 

The  diminution  of  the  volume  of  oxygen  gas,  by  the  c«m« 
bustion  of  other  bodies,  maybe  ascertained  in  a  similar  man- 
ner. When  the  substance  employed  is  not  easily  set  on  fire, 
it  is  proper  to  enclose,  atbtig;  atld  in  contact  with  it,  a  small 
bit  of  phosphorus,  the  combtistion  of  which  excites  sufficient 
heat  to  inflame  iron-tUTtrlngs,  charcoal.  Sec.  In  the  instanoe 
of  charcoal,  however,  though  that  ^bstance  undergo^  emu- 
bustion,  no  absorption  ensues ;  because^  as  will  appear  in  the 
sequel,  the  product  is  a  gas,  oecopyihg  exactly  the  same  bulk 
as  the  oxygen  gas  submitted  to  experiment. 

IV.  During  the  combustion  of  bodies  in  oxygen  gas,  a  large 
quantity  of  caloric  is  liberated. — Lavoisier  has  endeavoured  to 
prove  (Elements  of  Chemistry,  chap,  ix.)  that  a  given  weight  of 
oxygen  abandons  very  diflerent  quantities  of  heat,  when  com- 
bined with  diflerent  inflammable  bodies.     For  example,  the 
caloric  disengaged  from  1  pound  of  oxygen,  during  the  com- 
bustion of  its  equivalent  of  phosphorus,  he  estimates  to  be 
sufficient  to  melt  between  66  and  67  pounds  of  ice;  of  char- 
coal, between  87  and  38  pounds ;  and  of  hydrogen,  52  pounds 
of  ice.     There  can  be  little  doubt  that  the  heat,  evcdved  in 
these  combustions,  as  well  as  the  light,  has  its  origin  partly 
from  the  oxygen  gas,  and  partly  from  the  combustible  body; 
but  the  precise  quantity  due  to  each  can  scarcely  be  consi- 
dered as  yet  determined.     Nor  must  it  be  understood,  Aat 
the  transition  of  oxygen  from  the  gaseous  to  a  more  dense  state 
is  essential  to  the  phenomena  of  combustion ;  for  bmdes  that 
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wkieierail  examples  ci  true  combustion  where  oxygen  is 

k|  M  M  sfl  coocemed,  as  in  those  efiected  by  chlorine,  the 

fasdipbiniit  now  be  still  more  limited  by  a  variety  of  casei^ 

Ukafterwirds  mentioned,  which  show  that  active  and  vivid 

MtetioB  is  sometimes  attended,  not  with  a  condensation  of 

itiiodiei  that  combine^  but  on  the  contrary  with  a  great 

■iBj^esKnt  of  volume ;  and,  what  is  still  more  remarkable^ 

iitinioine  instances  the  new  compounds,  formed  by  com-* 

Imioii^  Jisfe  as  great  a  capacity  for  heat  as  their  constituent 

fBsqileSi  (See  Petit  and  Dnlong's  Memoir.  Ann.  de  Ch.  et 

hfL  X.  595.) 

¥•  JIl  bwtieSj  by  cmmbuUum  in  oxt/gen  gasj  acquire  an  a^ 
ttmio  thar  weight ;  and  the  increase  is  in  proportion  to  the 
^  gas  absorbed^  viz,  aboiU  one  third  of  a  grain  for 
cubic  inch  qfgai.-^To  prove  this  by  experiment,  requires 
s  complicated  af^ratus.  But  suiBcient  evidence  of  the 
fittt  of  an  increase  of  weight  may  be  obtained  by  the 
very  simple  experiment.  Fill  the  bowl  of  a  tobacco 
vitb  iron  wire  coiled  spirally,  and  of  known  weight: 
end  of  the  pipe  be  dipped  into  a  brass  tube,  which  is 
to  a  bladder  filled  with  oxygen  gas :  heat  the  bowl 
'k  [Mpe,  and  its  contents,  to  redness  in  the  fire,  and  then 
'fae  through  it  a  stream  of  oxygen  gas  from  the  bladder.  The 
wire  will  bum;  will  be  rapidly  oxydized ;  and  will  be 
[Aaid,  when  weighed^  to  be  considerably  heavier  than  before* 
fAen  completely  oxydized  in  this  mode,  100  parts  of  iron 
Be  gain  an  addition  of  about  30. 
VI.  The  substances,  capable  of  uniting  with  oxygen,  afibrd 
Mcr  other  of  the  following  products;  Ist,  an  acid;  2dly^ 
9ttHaU  or  earth;  or  Sdly,  an  oxide.  It  is  not  easy  to  give 
pedse  definitions  of  these  tliree  classes  of  compounds.     Of 

t$  acids,  fiur  instance,  there  are  some  which,  though  entitled 
dmtqsithet  by  their  general  qualities  of  chemical  combi* 
Wicm,  are  not  sour  to  the  taste;  and  others  which  do  not 
Udden  v^ctable  blue  colours.  Nor  is  oxygen  an  element 
OKutial  to  the  acidity  of  a  compound,  for  some  bodies  are 
Ridered  acid  by  union  with  chlorine,  and  others  by  combi* 
■stkm  with  hydrogen.  The  theory  of  Lavcisier,  tIierefore» 
which  considered  oxygen  as  the  essential  principle  of  acidity^ 
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and  in  conformity  to  which  its  present  name  was  assigned  to  it,* 
can  no  longer  be  received  as  correct.  The  name,  however,^ 
may  be  retained,  to  avoid  the  inconvenience  of  changing  one 
so  long  and  generally  received. 

Alkalis  and  earths  are  chiefly  distinguished  by  acting  at 
bases,  with  which  the  acids  combine,  with  the  loss  generally 
of  the  separate  characters  of  each.  The  alkalis  are  soluble 
in  water,  and  change  some  vegetable  blues  to  green ;  and  the 
earths  are  either  not  soluble  at  all  or  sparingly  soluble  in 
that  fluid  ;  but  in  the  quality  of  insolubility  they  agree  with 
many  of  the  third  class  of  compounds,  viz.  oxides,  especiall3r 
with  those  derived  fi'om  the  metals,  which  also  serve  as  bases- 
to  the  acids. 

In  many  instances,  a  combustible  body,  which  aflbrds  am 
acid  when  united  with  a  certain  quantity  of  oxygen,  gives  am 
iucide  when  combined  with  a  less  quantity ;  and  the  acid  may 
be  brought  back  to  the  state  of  an  oxide  by  separating  part 
of  its  oxygen.  We  have  examples,  also,  fuiiiished  chiefly  by 
a  few  of  the  metals,  in  which  the  same  body,  combined  with 
a  small  proportion  of  oxygen,  gives  an  oxide  that  is  capable 
of  uniting  with  acids,  and  of  composing  salts,  and  agaiiH 
united  with  more  oxygen,  yields  an  acid  which  is  susceptible^ 
with  alkalis  and  earths,  of  forming  saline  compounds. 

VI  I.  Oxygen  gas  supports^  eminently ,  animal  life. — It  wiE 
be  found  that  a  mouse,  a  bird,  or  other  small  animal^  will . 
live  four  or  five  times  longer  in  a  vessel  of  oxygen  gas,  than 
another  animal  of  the  same  kind  and  size  will  live  in  a  jar  of 
atmospherical  air  of  the  same  dimensions. 

VIII.  Tkis  effect  seems  connected  with  the  absorption  of 
oxygen  by  the  blood. — Pass  up  a  little  dark-coloured  blood  into 
a  jar  partly  filled  with  oxygen  gas,  and  standing  over  mer^ 
cury.  The  gas  will  be  in  part  absorbed,  and  the  colour  dt 
the  blood  will  be  changed  to  a  bright  and  florid  red.  Th» 
change  to  red  may  be  shown,  by  putting  a  little  blood  into 
a  common  vial  Sll^^  with  oxygen  gas,  and  shaking  it  ia 
contact  with  the  gas 


>(0 0*^   j^^,  acid,  voA  Yiivo|ia»,  to  generate. 
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SECTION  II. 


Of  Chlorine. 


Chlorine  was  discovered  by  Scheele  in  the  year  1  '?74,  and 
first  described  by  him  in  an  Essay  on  Manganese,  under  the 
name  of  depklogislicated  marine  acid.  It  was  afterwards 
termed  in  the  French  nomenclature  oxygenated  muriatic  acidj 
and  by  Dr.  Pearson  oxymurialic  acidy  a  name  generally  re* 
ceived  in  this  country,  till  superseded  by  that  which  it  now 
almost  universally  bears.  The  simplest  state,  in  which  we 
are  able  to  examine  its  properties,  is  that  of  a  gas. 

I.  This  gas  may  be  formed  by  either  of  the  following  pro« 


Process  1.  Into  a  stoppered  retort  introduce  eight  ounces 
cf  liquid  muriatic  acid,  sp.  gr.  1.160,  and  four  ounces  of  finely 
powdered  manganese,  and  apply  the  heat  of  a  lamp.  A  gas 
will  be  produced,  which  may  be  received,  in  the  usual  manner, 
over  water  of  the  temperature  of  80°  or  90®  Fahrenheit. 
From  the  foregoing  materials  about  160  cubical  inches  may 
he  obtained. 

Process  2.  Grind  together  in  a  mortar  eight  ounces  of 
muriate  of  soda  (common  salt)  with  three  ounces  of  powdered 
manganese ;  put  them  into  a  stoppered  retort,  and  pour  on 
lliem  four  ounces  of  sulphuric  acid,  which  have  been  diluted 
previously  with  four  ounces  of  water,  and  suffered  to  cool  after 
dilution.  Or  the  proportions  recommended  by  Thenard  may 
be  employed,  viz.  4>  parts  of  muriate  of  soda,  1  part  of  oxide 
e(  manganese,  water  and  sulphuric  acid  each  2  parts.  On 
applying  a  gentle  heat,  gas  will  be  produced,  as  in  Process  I. 
But  as  the  gas  is  absorbed  by  contact  with  cold  water,  though 
fK>t  rapidly,  it  should  be  received,  when  it  is  intended  to  be 
kept,  in  bottles  filled  with,  and  inverted  in,  water  of  the 
temperature  of  80®  or  90®  Fahr.  and  provided  with  accurately 
^ound  stoppers.  It  will  be  found  also  much  to  diminish  the  losa 
cf  gas  by  absorption,  if  it  be  made  to  issue  from  a  gas  bottle,  the 
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tube  of  which  is  gufficiently 
long  to  reach  nenriy  to  the 
bottom  of  the  inverted  re- 
ceiving bottle;  for  the  gas  is 
thus  prevented  from  passing 
in  bubbles  through  a  long 
column  of  water.  (See  the 
annexed  cut).  The  stopper 
miut  be  introduced  under 
water,  while  the  receiving 
bottle  remains  quite  full  of 
the  gas,  BO  that  no  water 
may  be  left  in  the  bottle, 
along  with  the  gat>. 

II.  Chlorine  gas  has  the  fbtlowing  prc^rtiea : 
'    (a)  It  has  a  yellowish  green  colour;  and  this  property 
suggested  the  name  chlorine.* 

{b)  It  ha«  a  pungent  and  suSbcating  smelL  -In  ti 
ximeDtB  on  this  gas,  great  care  should  be  taken  that  it  < 
not  escape  in  any  considerable  quantity,  into  the  »f 
ment ;  for  its  action  on  the  lungs  is  extremely  painful 
injurious. 

(c)  It  is  heavier  than  common  eir  (titking  the  statema 
Gay  LusBBc)  in  the  proportion  of  2.470  to  1.000  by  ex[ 
ment,  or  2.4216  by  calculation ;  and  100  cubic  inches  she 
therefore,  weigh  75.33  grains.  Sir  H.  Davy  found  then 
-weigh  between  76  and  77  grains,  at  a  mean  temperature 
prcMure,  the  latter  of  which  numbers  would  make  its  spe 
gravity  2.5062.  Dr.  Thomson  fixes  its  sp.  gr.  at  2. 
which,  taking  his  slatcmcnt  of  the  sp.  gr.  of  hydrogen  b 
correct,  viz.  0.0694,  would  uiake  it  36  times  the  weigl 
liydrogen.  From  other  data,  it  had  been  calculated  tc 
only  334^  times  heavier  than  hydrogen  gas. 

(d)  By  a  temperature  of  +  40°  FaUr.  it  is  reduced  in 
liquid  form,  and  is  condensed  on  the  sides  of  the  vets^ 
if  the  gas  be  previously  dried  by  ex|K>surc  to  muriali 


'  From  x^fcipof,  green. 
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£0^  it  bears  the  most  intense  artificial  cold  without  con- 
faiiatioD.* 

When  a  rcoeiTer,  filled  with  this  gas,  not  artificially  dried, 
imrrooiided  by  snow,  or  pounded  ice,  the  gas  forms  on  its 
iBoersur&ce  a  solid  concretion,  of  a  yellowish  colour,  rcsem- 
Vagt  in  its  ramifications,  the  ice  which  is  deposited  on  the 
of  windows  during  a  frosty  night.  By  a  modcrnte  in- 
of  beat,  such  as  to  50^  Fahrenheit,  this  crust  melts 
iM^aydlowish  oily  liquid,  which,  on  a  farther  elevation  of 
teperatur^  passes  to  the  state  of  a  gas. 

(f)  When  si^denly  and  considerably  condensed  by  mecha« 
Msl  pressure,  not  only  heat  is  evolved,  as  from  all  other 
fM%  but  liglit  also ;  a  property  peculiar  to  this  gas  and 
[■^gen  fimong  the  simple  gases. 
(J)  his  not  changed  by  being  transmitted  through  ignited 
dn  tubes,  nor  by  a  succession  of  electrical  discharges 
(hit. 
l^g)  When  a  burning  taper  is  introduced  into  a  vessel  of 
ine  gas,  the  flame  becomes  red,  a  dense  smoke  arises, 
the  taper  is  soon  extinguished.  Phosphorus,  however, 
fire  the  moment  it  is  introduced,  and  burns  vehemently ; 
many  of  the  metals,  when  brought  in  a  finely  divided 
itte  into  contact  with  the  gas,  exhibit  a  brilliant  com- 
btion. 

{h)  It  is  not  at  all  acted  upon  by  oxygen  gas,  but  with  hy- 
drogen gas  a  remarkable  series  of  phenomena  take  place 
lUdli  will  presently  be  described. 

(i)  Chlorine  gns,  in  its  ordinary  state,  destroys  all  vegetable 
colours.  This  may  be  shown  by  passing,  into  the  gas  con- 
ised  by  water,  a  piece  of  paper  stained  with  litmus,  the 
ttloar  of  which  will  immediately  disappear.  Hence  the  ap- 
^|iica(ion  of  this  gas  to  the  purpose  of  bleaching,  its  power  of 
Acting  which  may  be  shown  by  confining,  in  the  gas,  a 
ptttem  of  unbleached  calico,  which  has  been  previously  boiled 
»  a  weak  solution  of  caustic  potash,  and  then  washed  in 
HIer,  but  not  dried.  Chlorine  gas,  however,  which  has  been 
ctrefuUy  drieil  by  solid  chloride  of  calcium,  and  into  which 


*  Sir  H.  Da?7,  Phil.  Tram.  181 1,  p.  30. 
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perfectly  dry  litmus  paper  is  introduced,  produces  no  change  of 
colour  in  the  litmus,  a  sufficient  proof  that  its  bleaching  power 
depends  on  the  presence  and  decomposition  of  water. 

(k)  This  gas  is  absorbed  by  water;  slowly,  if  allowed  to 
stand  over  it  quiescent,  but  rapidly  when  agitated. 

1.  The  best  method  of  efiecting  the  impregnation  of  watei* 
with  this  gas,  is  by  means  of  a  Woulfe's  apparatus,  the  botdes 
of  which  should  be  surrounded  by  ice-cold  water.  The  quan- 
tity of  the  gas,  which  water  is  capable  of  absorbing^  appears, 
from  the  concurrent  testimony  of  Davy  and  Dalton,  to  be 
twice  its  bulk.  The  former  has  remarked  that  water,  appa- 
rently saturated  with  chlorine  by  agitation  with  it  in  a  narrow 
vessel,  takes  up  a  further  portion  of  the  gas  when  exposed 
with  a  broad  surface. 

2.  The  watery  solution,  if  perfectly  free  from  common  mu- 
riatic acid,  has  not  the  taste  of  an  acid,  but  an  astringent 
one.  Its  purity  from  muriatic  acid  may  be  ascertained  by  a 
solution  of  nitrate  of  mercury,  which  is  not  precipitated  by 
pure  chlorine. 

3.  The  watery  solution  has  the  colour  and  peculiar  smell  of 
the  gas,  and  has  a  similar  property  of  discharging  vegetable 
colours.     Hence  it  may  be  employed  in  bleaching. 

4.  When  the  watery  solution  of  chlorine  is  exposed  to  a 
temperature  only  a  little  above  that  of  freezing  water,  the  gas, 
which  is  combined  with  it,  separates  in  the  form  of  a  liquid, 
heavier  than  water. 

5.  Chlorine  is  not  altered  by  the  temperature  of  boiling 
water ;  for  its  solution  may  be  raised  in  distillation,  and  again 
condensed  without  change. 

6.  When  the  solution  of  chlorine  in  water  is  exposed  to  the 
direct  rays  of  the  sun,  oxygen  gas  is  obtained,  and  the  acid 
passes  to  the  state  of  muriatic  acid.  Placed  in  the  current 
of  the  electric  fluid,  the  chlorine,  and  the  oxygen  of  the  water, 
arrange  themselves  at  the  positive,  and  the  hydrogen  at  the 
n^ative  pole. 

Chlorine  is  susceptible  of  combination  with  various  other 
bodies,  and  the  compounds  possess,  in  many  instances,  re* 
roarkable  properties.  At  present  we  shall  describe  those  only 
which  result  from  the  union  of  chlorine  with  oxygen. 
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Art.  1. — Protoxide  of  Chhrim  or  Euchlorine. 

When  chlorate  or  hyper-oxy muriate  of  potash  (a  salt 
which  will  be  afterwards  described)  is  distilled,  at  a  gentle 
heat,  with  weak'mariatic  acid,  a  gas  may  be  collected  over 
mercury,  which  is  found  to  differ  essentially  from  chlorine. 
Its  colour  has  a  dense  tint  of  brilliant  yellow  green  ;  and  its 
smell  resembles  that  of  burnt  sugar,  mixed  with  the  peculiar 
smell  of  chlorine.  Water  takes  up  eight  or  ten  times 
its  volume,  and  acquires  an  orange  tint.  It  has  been  called 
by  its  discoverer,  Sir  H.  Davy,  Enchloric  gas,  or  simply 
Euchlorine.  Gay  Lussac  has  proposed  for  it  the  name  of  ox- 
ide of  chlorine ;  but  it  may,  with  more  propriety,  be  called 
Protoxide  of  Chlorine. 

Euchlorine  explodes  by  a  gentle  heat,  applied  to  the  vessel 
which  contains  it,  and  five  parts  in  volume  become  six,  con- 
sisting of  a  mixture  of  oxygen  and  chlorine  gases,  in  such 
proportions  that  euchlorine  must  be  composed  of  two  in  vo- 
lume of  chlorine  and  one  of  oxygen,  the  latter  being  con- 
densed into  half  its  bulk,  or  by  weight  of 

Chlorine 81.44    100. 

Oxygen 18.56    22.79. 

100. 

These  proportions  indicate  that  euchlorine  is  constituted  of 
•ne  atom  of  chlorine  =  36,  ^*  one  atom  of  oxygen  =  8,  and 
Leuce  its  atom  must  weigh  44. 

When  detonated  with  twice  its  volume  of  hydrogen  gas^ 
there  is  a  condensation  of  more  than  two  thirds  of  the  mixture^ 
and  liquid  muriatic  acid  is  formed. 

Mercury  has  no  action  on  euchlorine  at  common  tempera- 
taref.  Antimony  and  copper  bum  in  it,  if  introduced  previously 
heated.  Suiphur  and  phosphorus  decompose  it;  and  char, 
coal  already  ignited  burns  in  it  with  a  dull  red  light.  Nitrous 
gas  condenses  it  with  red  fumes. 

Euchlorine  destroys  vegetable  colours ;  but  it  first  gives  the 
blue  a  tint  of  red. 

In  almost  all  cases  of  vivid  combustion,  there  is  a  conden- 
«tion  of  the  bodies  which  unite;  but  in  the  decomposition  of 
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euchlorinc  by  heal,  we  have  the  remarkable  phenomenon  of 
an  explosion,  accompanied  with  heat  and  light,  and  yet  with 
an  expansion  of  the  elements,  which  are  separated  fi^om 
each  other. 

Art.  2. — Deuioxide  or  Peroxide  of  Chlorine. 

Another  compound  of  chlorine  and  oxygen,  containing  a 
larger  proportion  than  euchlorinc,  of  the  latter  element,  was 
disrx)vered  by  Sir  H.  Davy,*  and  has  since  been  made  tlie 
subject  of  a  series  of  experiments  by  Count  Stadion  of  Vienna.l* 
As  it  exhibits  no  acid  properties,  it  may  be  called  peroxide  o^ 
chlorine^  a  name,  it  appears  to  me,  preferable  to  that  of  deui'^ 
oxide,  which  has  also  been  applied  to  it,  because  intermediate 
compounds  will  probably  be  discovered  between  this  oxide 
and  the  protoxide  already  described. 

To  procure  it,  50  or  60  grains  of  the  powdered  chlorate  of 
potash  are  to  be  mixed  with  a  small  quantity  of  concentrated 
sulphuric  acid.  When  thoroughly  incorporated,  a  solid  mass 
will  result,  of  a  bright  orange  colour.  This  is  to  be  intro- 
duced into  a  small  retort  of  glass,  which  is  to  be  exposed  to 
the  heat  of  water  gradually  warmed,  but  prevented  from  at- 
taining the  boiling  point  by  an  admixture  of  spirit  of  wine. 
Count  Stadion  obtained  it  by  fusing  a  small  quantity  of  chlo- 
rate (hyper-oxymuriate)  of  potash,  in  a  retort.  Over  this, 
when  cool,  he  poured  concentrated  sulphuric  acid,  and  ex- 
posed the  retort  to  water  for  three  hours,  gradually  raising  its 
temperature  to  212®.  The  gas  may  be  received  over  mercury, 
on  which  it  has  no  action  at  common  temperatures. 

It  has  a  lively  yellow  colour,  much  more  brilliant  than  that 
of  euchlorinc;  is  much  more  rapidly  absorbed  by  water  ;  and 
has  a  peculiar  aromatic  smell,  not  mixed  with  any  smell  of 
chlorine.  According  to  Davy,  it  destroys  vegetable  blue  co- 
laors,  without  first  reddening  them ;  but  Count  Stadion 
asoertfi  that  it  does  not  change  blue  papei*.  When  heated  to 
about  the  temperature  of  212°  Fahr.  or,  according  to  Count 
SudioQy  to  between  112°  and  114°,  it  explodes  with  more 
violence,  and  a  greater  expansion  of  volume,  than  euchlorine 

'ffjil  11.  ;      ■'  ■ " 

*.  jEi^i).  Tkans.  18U,  Part  II .        f  Thomson's  Annals,  ix.  S8. . 
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prodnctng  mnch  light.  After  explosion  over  mercury,  from 
2*7  to  2*d  Tdames  appear,  for  every  two  of  gas  decomposed; 
and,  €if  these  twoi,  as  Count  Stadion  also  admits,  are  oxy* 
gen  and  the  rest  chlorine.  A  little  chlorine  is  absorbed,  Iioi^-* 
ev^,  by  the  mercury,  and  it  is  reasonable,  Sir  H.  Davy  think% 
to  cooclode  that  the  deep  yellow  gas  is,  in  reality,  composed 
of  two  in  volume  of  oxygen,  and  one  of  chlorine,  condensed 
into  two  volumes.  If  this  be  correct,  the  gas  must  consist,  by 
weight,  of  one  atom  of  chlorine  36,  and  four  atoms  of  oxygen 
92,  and  its  atom  will  weigh  68.  But  if,  as  Stadion  asserts,  it 
gives  two  volumes  of  chlorine  and  three  of  oxygen,  it  should 
consist  of  one  atom  of  chlorine  and  only  three  of  oxygen. 

It  is  not  decomposed,  at  common  temperatures,  by  any  com* 
bustible  body,  except  phosphorus,  which  occasions  an  explo* 
aion  when  introduced  into  it,  and  burns,  in  the  liberated 
gases,  with  great  brilliancy. 

Its  saturated  solution  in  water,  which  contains  seven  vo- 
lumes of  gas,  is  of  a  deep  yellow  colour.  It  does  not  taste 
sour,  but  extremely  astringent  and  corroding ;  and  it  leaves 
on  the  tongue  a  disagreeable  and  lasting  impression.  The 
sdiution  may  be  kept  in  the  dark  unchanged,  but  when  oc^ 
posed  to  the  sun's  rays  it  is  decomposed,  and  chlorine  and 
chloric  acid  are  obtained. 

Art.  3. — Chloric  Acid. 

A  third  compound  of  chlorine  and  oxygen  was  pointed  out 
by  Mr.  Chevenix,  some  time  before  it  was  obtained  in  a  se* 
parate  form,  as  existing  in  the  class  of  salts  called  by  him 
hyper-oxymuriates.  For  the  method  of  exhibiting  it  in  a  dis* 
tinct  state,  we  are  indebted  to  Vauquelin*  and  Gay  Lussac.f 
The  following  is  the  process :  To  a  solution  of  pure  chlorate  of 
barytes  (the  mode  of  preparing  which  will  be  described  chap. 
ix,  sect.  5.)  add  by  degrees  dilute  sulphuric  acid,  as  long  as  it 
occasions  any  precipitation.  This  separates  the  barytes,  and 
leaves  the  chloric  acid  combined  with  water  only.  It  is  im- 
portant to  add  no  more  sulphuric  acid  than  is  barely  suffi- 

*  Ann.  de  Chim.  xcv.  102.  t  It>id-  x<^i*  m* 
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dient ;  for  the  slightest  excess  renders  the  chloric  add  impmreL 
If  the  right  quantity  has  been  used,  the  liquid  obtained  shonld 
remain  perfectly  transparent^  when,  taking  two  separate  pofw 
tions  of  it,  we  add  to  the  one  dilute  sulphuric  acid,  and  to  the 
other  chlorate  of  barytes.  If  either  of  these  agents  occasions 
a  precipitate,  we  must  add  it  by  degrees  till  the  effect  ceases* 
The  clear  liquid  is  then  to  be  decanted  by  a  syphon,  and  re- 
served for  use.  It  is  a  solution  of  chloric  acid  in  water;  and  * 
has  the  following  properties. 

1.  It  is  free  from  colour;  its  taste  is  acid  and  astringent ;^    . 
and  its  smell,  when  concentrated  and  a  little  heated,  is  mode-^ 
rately  pungent 

2.  It  reddens  the  infusion  of  litmus.  Paper  stained  with  ^ 
litmus,  though  it  does  not  immediately  lose  its  colour,  yet  is  ~ 
deprived  of  it  in  a  day  or  two  if  left  in  the  liquid ;  or  moie  -- 
rapidly  if  taken  out  of  the  liquid  and  exposed  to  the  air,  in*  ^ 
•consequence  of  the  solution  becoming  more  concentrated.  t 

S«  It  does  not  precipitate  either  silver,  mercury,  or  lead^  ^ 
horn  nitric  acid.  ^ 

4.  It  is  volatilized  by  heat,  but  not  without  a  partial  decom* 
{>osition  into  chlorine  and  oxygen.  Hence  it  afterwards  pre^ 
cipitates  the  nitrate  of  silver. 

5.  Muriatic  acid  decomposes  it,  and  both  acids,  if  mixed 
in  just  proportion,  arc  changed  entirely  into  chlorine. 

6.  Chloric  acid  is  decomposed,  also,  by  sulphureted  hy- 
drogen and  by  sulphurous  acid.  In  the  first  case,  chlorine 
and  sulphur  are  separated,  and  water  is  formed.  In  the  se- 
cond,  sulphuric  acid  is  formed,  and  chlorine  set  at  liberty* 
None  of  the  acids,  which  arc  saturated  with  oxygen,  have  any 
action  on  chloric  acid. 

7.  All  the  metals  that  are  capable  of  decomposing  water, 
decompose  also  the  chloric  acid,  and  afford  compounds  of 
chlorine  with  a  metallic  oxide. 

According  to  tlie  experiments  of  Vauquclin,  chloric  acid  is 
composed  of 

Chlorine 35    100    54 

Oxygen 65    185    100 

100 
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This  determinaUon  differs  materially  from  that  of  Gay 
LoMCy  according  to  whom  32.304  oxygen  convert  28.924^ 
cUoiiDe  into  chloric  acid,  and  hence  it  should  be  composed 
of 

Chlorine 47.3   100   90 

Oxygen 52.7    110   100 

100. 

The  result  of  Gay  Lussac  is  by  much  the  more  probable  of 
tbetwo^  and  would  make  the  chloric  acid  consist  of  one  atom 
of  chlorine  +  5  atoms  of  oxygen  (together  =  76)  while  Vau- 
qudin's  numbers  would  indicate  no  less  than  8  atoms  of  oxy- 
geo.  Mr.  Chenevix  formerly  stated  the  composition  of  the 
hjper-oxymuriatic  or  chloric  acid  to  be  65  oxygen  +  35  mu- 
liatic  acid.  To  accommodate  this  view  to  the  new  theory, 
10.4  taken  from  the  oxygen  and  added  to  the  muriatic  acid 
wiD  give  45.4  and  54.6,  numbers  not  very  different  from  those 
of  Gay  Lussac. 

It  is  proper,  however,  to  add  that  the  existence  of  a  simple 

«nbination  of  chlorine  and  oxygen  has  been  disputed  by  Sir 

J9L  Davy,  who  considers  the  liquid,  obtained  by  Gay  Lussnc, 

M  constituted  of  two  proportions  (atoms)  of  hydrogen,  one  of 

dilorine,  and  six  of  oxygen.    To  this  the  latter  has  replied, 

that  the  hydrogen  is  not  an  element  of  the  acid  itself,  but  of 

water  with  which  the  acid  is  imited,  as  is  the  case  with  liquid 

sulphuric  and  nitric  acids.     The  reader  who  takes  an  interest 

in  this  controversy,  may  find  it  in  the  first  volume  of  Annales 

de  Chimie  et  de  Physique,  and  of  the  Journal  of  Science  and 

the  Arts ;  and  the  argument  for  the  existence  of  hydrogen  in 

certain  acids  as  an  essential  and  acidifying  principle^  and  not 

as  a  constituent  of  water,  has,  also,  been  ably  supported  by  Dr» 

Murray,  in  a  late  volume  of  the  Edinburgh  Transactions. 

Art.  4. — Perchloric  Add. 

In  obtaining  peroxide  of  chlorine  by  Sir  H.  Davy's  or  by 
Count  Stadion's  process,  a  peculiar  salt  is  formed,  which  was 
firrt  noticed  by  the  latter  philosopher.  It  is  mixed  with  bi» 
Jolphate  of  potash,  which  may  be  separated  by  a  second  crys* 
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tailization,  and  the  peculiar  salt  then  appears  in  octohednl  ^^ 
cxystals.  It  requires  S5  times  its  weight  of  water  at  60^  fcr  5,1^ 
tolation,  but  dissolves  freely  in  boiUng  water.  In  alooM  fc  •£  .^ 
is  quite  insoluble.  When  distilled  with  an  equal  weight  ^2;^ 
sulphuric  acid,  at  a  temperature  of  280^  Fahr.  it  is  deoom*  ,^ 
posed:  and  an  add  (of  whose  properties,  however,  we  haws 
not  a  distinct  account)  may  be  distilled  over.  When  the  aak 
is  distilled  alone  at  412^,  it  is  converted  into  chloride  of  pntaa  . 
-Aum  (dr}'  muriate  of  potash)  and  oxygen  gas,  in  the  lbUowiii|g 
proportions.     One  hundred  parts  by  wdght  afford 

Chloride  of  potassium . .  54.08  contamiiig  ( |J;* J  SKtaT 
Oxygen 45.92 

100. 

Hence  it  appears  that  25.59  chlorine  are  united  with 
oxygen,  which  is  neariy  in  the  proportion  of  56  chlorine  to 
oxygen.     Per-cbloric  acid  will  therefore  consist  of  one 
of  chlorine  =  36,  united  with  eight  atoms  of  oxygen  ss  6^ 
and  the  weight  of  its  atom  will  be  lOO. 


SECTION  III. 

Of  Iodine^  and  Us  Compounds  with  Oxygen  and  Chlorine. 


Iodine  was  discorered  accidentally,  about  the 
the  year  1812,  by  M.  Coortois,  a  manufiulurer  of  saltpetre 
Paris.     In  the  processes  for  procuring  soda  from  the  ashes 
sea  weeds,  he  found  his  metallic  vessels  much  ccnroded ; 
in  searching  for  the  cause,  he  made  this  discovery, 
mens  of  the  new  substance  were  given  to  MM.  Desomes 
Clement,  who  read  a  short  memoir  upon  it,  at  a  meeting 
the  Institute  of  France,  in  November   1813.    Its  properti' 
and  combinations  have  since  been  ably  investigated  by  Vau-^ 
quelin ;  "*  by  Gay  Lussac;  f  by  Sir  H.  Davy ;  I  and  by  Gmul- 
tier  de  Claubry  and  Ck>lin.^ 

*  90  Ann  de  Chim.  8O6.  f  Ql  Aon.  dc  Chtm. 

\  Phil.  Trans.  iSli.  §  90,  91,  &  99  Ado. de  Oiiou 
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When  all  the  soda  has  been  separated  by  crystallization  from 

sobitioo  of  kelp  or  barilla,  or  from  the  ley  of  ashes  of  marine 

lants,  that  affi>rd  the  mineral  alkali,   in  onler  to  procure 

odine  from  the  residuary  liquor,  concentrated  sulphuric  acid 

ii  to  be  poured  upon  it,  in  a  retort  furnished  with  a  receiver. 

The  iodine  passes  into  the  receiver,  under  the  form  of  beauti- 

U  iriokt  rwp&arsj  which  are  eondensed  in  crystalline  plates, 

kmeg  4be  aspect  of  plumbago.     To  purify  it  from  the  re* 

indant  acid,  that  ecHnes  over  with  it,  the  iodine  may  be  re* 

fisdUed  from  water,  containing  a  very  small  quantity  of  pot- 

sdi,  and  afterwards  dried  by  pressing  it  between  folds  of 

UottiDg  paper.* 

General  Properiies.^Iodine  is  a  solid,  at  the  ordinary  tem- 
fcratiue  of  the  atmosphere.     It  is  often  in  scales,  resembling 
ime€i  mieaceoufr  iroB  ore;  sometimes  in  large  and  brilliant 
LAonboidal  plates;   and  occasionally  in   elongated  odohe- 
|ABiis.t    Its  colour  is  Uuish  black;  its  lustre  metallic,  it  is 
sad  friable,  and  may  easily  be  rubbed  to  a  fine  powder* 
[li  taste  is  very  acrid,  though  it  is  sparingly  soluble  in  water^ 
iUch  does  not  take  up  above  one  7000th  part  of  its  weighty 
*1  it  is  poisonous  if  taken  in  a  large  dose.     Its  specific  gra- 
*jr,  at  60°  Fahrenheit,  is  4.946.     It  is  a  non-conductor  of 
dectricity;  and  possesses,  in  a  high  degree,  the  electrical  pro- 
perties of  oxygen  and  chlorine,  being  determined  to  the  posi- 
tive pole  of  a  galvanic  arrangement.    When  applied  to  Che 
sloD)  it  produces  a  yellow  stain,  but  this  disappears  as  the 
Kdine  evaporates. 

Iodine  is  fusible  at  225^  Fahrenheit,  and,  under  the  ordi- 
^  pressure  of  the  atmosphere,  is  volatilized  nt  a  temperature 
somewhere  near  350%  forming  a  gas  125  times  denser  than 
lifdrogen,  which  last  number  represents  the  weight  of  its  atom. 
According  to  Gay  Lussac,  the  specific  gravity  of  its  vapour, 
compared  with  air,  is  d.678.  Hence  100  cubic  inches  should 
veigh  269  grains.  The  volatilization  of  iodine  at  the  heat  of 
boiling  water,  which  happens  when  it  is  distilled  with  that 

*  More  minute  directions  for  its  preparation  are  given  in  the  Phil-  Mag. 
>1.57, 141,  aod^09. 

t  Dr.  WolIatUm  Bas  described  the  form  of  iu  cfystal  ia  ThoBiioik*s 
^mbi  V.  S37.    See  also  Joura.  of  Science,  &c.  v.  3(!^* 
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fluid,  depends  on  its  affinity  for  aqueous  vapour.  The  colour 
of  its  vapour  is  a  beautiful  violet,  and  hence  its  name  (froiB 
ia»3i}^,  violaceus). 

Art.  1. — Iodine  and  Oxygen. 

Action  of  Oxygen. — Iodine  undergoes  no  change  by  bein^ 
heated  in  contact  with  oxygen  gas,  or  with  chlorate  of  potaab^ 
By  the  intervention  of  protoxide  of  chlorine,  however^  it  ad* 
mits  of  being  combined  with  oxygen,  and  it  then  furnishes  a 
peculiar  acid  with  that  body. 

Action  of  Protoxide  of  Chloririe.^  When  iodine  is  exposed  to 
euchlorine^  Sir  H.  Davy  has  discovered,*  that  there  is  an  im- 
mediate  action ;  its  colour  changes  to  bright  orange ;  and  a 
liquid  is  formed.  By  the  application  of  a  gentle  heat,  the  orangr 
compound  of  chlorine  and  iodine  is  expelled,  and  a  compound 
of  oxygen  and  iodine  remains.  This  substance  is  a  white 
semi-transparent  solid ;  it  has  no  smell,  but  a  strong  astrin^ 
gent  sour  taste.  Its  specific  gravity  is  such  that  it  sinks  ia 
sulphuric  acid. 

When  decomposed  by  heat  in  a  pneumatic  apparatus,  it  is 
resolved  into  oxygen  gas  and  pure  iodine ;  and  it  is,  thereibre^ 
termed  by  Sir  H.  Davy,  oxyiodine ;  by  Gay  Lussac  aade 
iodique  anhydre.f  Thirteen  grains  afforded  9.25  cubical  ittches- 
of  oxygen  gas,  =  3.14  grains.     Hence  it  is  composed  of 

Iodine ....  75.85  ....  100 S14.B 

Oxygen. . .  24.15  •  • . .     31.84? ....  100. 

100.  131.84  414.8 

Iodic  acid,  therefore^  is  constituted  of 

5  atoms  of  oxygen  =  ..... 40 

1  atom  of  iodine    = 125 

And  the  weight  of  its  atom  is  .•••.. .  165 
It  presents,  then,  in  its  composition,  a  striking  analogy  wkb 

'  '    '  1.  I  I     1— .^^    I,        .1.— — — .HI  immmH9^.mmmmm^-mmmmmmmmmfi.^^^^ 

•  Phil. Trans.  1815,  parts. 

t  The  term  anhydrous,  which  will  be  often  u«ed,  it  derived  fro»  » 
Cittk  woid  ligoifjing  wUhoui  water. 
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chloric  acid,  n-Iiich  is  compoKil  of  S  atoms  of  oxygen  and  1 
atom  of  chlorine. 

Anhydrous  iodic  acid  is  very  soluble  in  watcr,andisslight]y 
deliquexcent.  Its  solulinn,  called  by  Gay  Lussac  ucUle  iodlquet 
first  reddens,  and  iheii  destroys,  vegetable  blues,  and  reduces 
other  vegetable  colours  to  a  dull  yellow.  When  evaporated 
Nifficiently,  it  becomes  a  thick  pasty  substance,  and  at  length, 
by  a  cautiously  reguhited  heat,  yields  the  anhydrous  acid  un- 
altered. 

When  heated  in  contact  with  inflammable  bodies,  or  with 
itie  more  combustible  metals,  detonations  are  produced.  Its 
solution  in  wnter  rapidly  corrodes  all  the  metals,  and  even  acts 
un  gold  and  platinum,  but  especially  on  the  first. 

When  its  solution  is  poured  into  solutions  uf  alkalis,  or 
alkaline  earths,  or  when  made  to  acton  their  carbonates,  triple 
compounds  arc  formed  of  oxygen,  iodine,  and  the  metallic 
bases,  called  by  Sir  H.  Davy,  oxyiodes  ;  and  by  Gay  Lussac, 
perhaps  more  properly,  iudates.  With  solution  of  ammonia, 
it  composes  iodatc  of  ammonia;  and  from  the  soluble  sails  of 
barytesand  stronlites,  it  precipitates  their  respective  iotlates. 
Forty-eight  grains  of  iodate  of  potassium,  when  decomposed 
by  heat,  afforded  Sir  H.  Davy  31  cubic  inches  =  10.5  grains 
of  oxygen  gas. 

Iodic  acid  enters  into  combination  with  all  those  fluid  or 
solid  acids,  which  it  does  not  decompose.  Sulphuric  add, 
dropped  into  a  saturated  solution  of  it  in  hot  water,  precipi- 
tates a  solid,  which,  on  cooling,  forms  rhomboidal  ci'ystala 
of  a  pale  yellow  colour.  This  compound  is  fusible;  and, 
with  a  heat  properly  regulated,  may  be  sublimed  unaltered. 
Hydronitric  and  hydrophospboric  acids  aiford  analogous 
compounds.  Oxalic  and  liquid  muriatic  acids  decompose  it. 
All  its  acid  combinations  redden  vegetable  blues ;  dissolve  gold 
and  platinum ;  and  when  added  to  alkalis  or  earths,  aflbrd 
common  neutral  salts,  and  their  respective  iodates.  In  their 
crj-stalline  state,  the  compounds  of  iodic  and  other  acids  are 
most  probably  hydrates;  ihe  acids  carrying  with  them,  into 
combination   with   iodic    acid,   their   definite   proportion   of 
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Art.  2. — Iodine  and  Chlorine. 

Iodine  absorbs  less  than  one-third  its  weight  of  chlorine, 
and  forms  a  peculiar  acid  which  may  be  called  chhriode,  or 
the  chloriodic  acid,  and  its  compounds  chloriodaies.  Ac* 
cording  to  Gay  Lussac,  indeed,  two  compounds  result,  the 
one  of  a  fine  orange-yellow  colour^  containing  the  lai^gest 
proportion  of  chlorine,  the  other  orange-red.  Both  are  solid 
and  crystalline;  deliquiate  when  exposed  to  the  air;  are 
fusible  into  an  orange  liquid ;  and  give  an  orange  coloured 
gas.  The  watery  solution  takes  more  iodine,  and  acquires 
a  deeper  colour ;  but  if  agitated  with  chlorine,  it  is  deprived 
of  colour,  and  when  poured  in  that  state^  into  solution  of 
potash,  the  deflagrating  salt  is  precipitated.  From  liquid 
ammonia,  the  colourless  liquid  precipitates  a  white  detonating 
compound ;  but  the  coloured  solution  throws  down  the 
darker  compound,  which  detonates  on  the  slightest  touch,  and 
is,  indeed,  identical  with  that  procured  by  the  direct  action  of 
iodine  on  ammonia. 

Chloriodic  acid  (or  chlomre  of  iodijtej  as  it  is  called  by  Gay 
Lussac)  precipitates  the  salts  of  iron,  lead,  tin,  and  copper ; 
probably  in  the  state  of  iodates. 

It  has  been  observed  by  Gay  Lussac,  that,  in  order  to  con- 
vert the  whole  of  a  quantity  of  alkali  into  the  deflagrating  salt, 
without  any  of  the  hydriodate,  (which  otherwise  is  produced 
in  greater  proportion  than  the  iodate)  it  is  necessary,  first, 
to  combine  the  iodine  with  chlorine;  and,  afler  dissolving  the 
compound  in  water,  to  saturate  it  with  alkali. 

Nature  of  Iodine, — Iodine,  from  all  that  we  yet  know  re- 
specting it,  is  to  be  considered  as  a  simple  or  elementary  body^ 
having  a  very  striking  analogy  with  chlorine,  which  it  resem^^ 
bles,  Istly,  in  forming  one  acid  by  uniting  with  hydrogen, 
and  a  diilfej^nt  acid  with  oxygen ;  2dly,  in  its  effects  on  vege- 
table colours;  Sdly,  in  its  aflTording,  with  the  fixed  alkalies, 
nils  wbleh' nearly  approach  in  characters  to  chlorates;  and 

%9  Ift  iU  electrical  habitudes.     Its  discovery,  indeed,  lends 

''*ti©ort  to  that  theory,  which  considers  chlorine  as  a 

"■nd  muriatic  acid  as  a  compound  of  chlorine  and 

the  property  of  forming  an  acid,  whether  it 


aer.m. 


lOOINB. 


987 


be  united  with  hydrogen  or  with  oxygen,  iodine  bears,  also, 
ID  analogy  (o  sulphur ;  and  it  is  remarked  by  Gay  Lussac  of 
tbe  oombinations  of  chlorine,  iodine^  and  sulphur,  with  the 
daaents  of  water,  that  while  the  acids,  which  they  respective- 
ly bm  witli  oxygeoi  have  their  elenients  strongly  condensed, 
ikmt  fiormed  with  bydrqgen  have  their  elements  very  feebly 
wikd.  Sulphur  ha«  tba  strongest  affinity  for  oxygen,  thca 
iofinai  and  lastly  chlorine.  But  for  hydrogen,  chlorine  has 
tHranger  attraction  tfaw  iodine,  ^d  iodine  than  sulphur ; 
yimo^  it  uppesmk  (hut  the  affinity  gf  each  pf  those  bodies  for 
mjnta  is  in?er«ely  proportionate  to  its  affinity  for  hydrogen. 
Th$  source  of  io^o  in  nature  ba9  been  investigated  by  M, 
[Wrier  de  Claubry.*  Hi9  first  experiments  were  directed  to 
lanslyiis  pf  the  several  varieties  of  FtiouSf  the  con^bustion 
[wiocb  furnishes  the  soda  of  sea*weeds«  Before  these  vego* 
are  destroyed  by  combustion»  he  ascertained  that  iodine 
in  tbem  in  the  state  of  hydriodate  of  potash  /  and  that 
m  only  destroys  the  vegetable  matters^  with  which  it 
iwibiued.  As  the  hydriodate  of  potash  is  a  deliquescent 
it  remains  in  the  mother  liquor,  after  separating  the  car-^ 
^kitfeofsoda,  and  most  of  the  other  salts,  by  crj'stallization. 
fathe  course  of  these  experiments,  M.  de  Claubry  found  that 
40di  is  one  pf  the  most  delicate  tests  of  the  presence  of 
ttliDe^  and  if  added  to  any  liquid  containing  it,  with  a  few 
Inps  of  sulphuric  acid,  iodine  is  indicated  by  a  blue  colour, 
<f  greater  or  less  intensity.  In  this  way,  he  detected  iodine  in 
At  decoction  of  several  varieties  of  Fucus  ;  but  he  was  unable 
to  diicover  the  slightest  trace  of  it  in  sea-water.  The  Fiunis 
Smharinus  yielded  it  most  abundantly ;  and  in  order  to  ob- 
kin  it  by  the  cheapest  and  easiest  process,  he  recommends 
Alt  we  should  submit  ihU  fucus^  dried  and  reduced  to  powder, 
dinillation  with  sulphuric  acid, 


WF  ■' 


•^rvt^mtmvm*^^ 


iF^»w^— ^W^i^**^^ 


■■■pMViiiV^a^ 


*  Ann.  de  Chim.  xcili.  7^^  1 18. 
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SECTION  IV. 

Of  Fluorine. 

The  experiments  of  Sir  H.  Davy  led  him,  in  1808,  to  con- 
clude, chiefly  from  the  action  of  potassium  on  silicated  fluoric 
gas,  that  the  fluoric  acid  is  a  compound  of  oxygen  with  a 
combustible  basis.  But  as  all  acids,  so  constituted,  are  de- 
composed by  galvanic  electricity,  their  base  being  determined 
to  the  negative,  and  their  oxygen  to  the  positive  pole,  he  has 
since  *  submitted  liquid  fluoric  acid  to  this  test,  after  having 
ascertained,  by  the  result  of  its  combination  with  ammoniacal 
gas,  that  in  its  strongest  form,  it  contains  no  water.  Consi- 
derable difficulty  was  experienced  in  making  the  necessary  ex- 
posure of  the  liquid  to  electricity,  (partly  in  consequence  of 
the  dangerous  fumes  which  it  emitted,)  and  also  in  collecting 
the  products.  At  the  negative  pole,  a  gas  was  evolved,'wliich, 
from  its  inflammability,  appeared  to  be  hydrogen.  The  platina 
wire  at  the  positive  pole  was  rapidly  corroded,  and  covered 
with  a  chocolate  powder,  the  properties  of  which  seem  not  to 
have  been  examined. 

When  fluate  of  ammonia  was  treated  with  potassium,  no 
evidence  was  obtained  of  its  containing  oxygen.  Charcoal, 
also,  intensely  ignited  in  fluoric  acid  gas,  gave  no  carbonic 
acid.  The  most  simple  way  of  explaining  the  phenomena 
appears,  therefore,  to  Sir  H.  Davy,  to  be  by  the  supposition, 
that  the  fluoric  acid,  like  the  muriatic,  is  composed  of  hydrogen, 
and  a  peculiar  base,  possessing,  like  oxygen  and  chlorine,  a 
negative  electrical  energy,  and  hence  determined  to  the  posi- 
tive surface.  For  this  base,  which,  like  chlorine,  he  believes 
to  combine  at  once  with  metals,  the  name  oi fluorine  has  been 
proposed.  This  substance,  from  its  strong  affinities  and  de- 
composing agencies,  has  not  yet  been  exhibited  in  a  separate 
state ;  nor  have  any  of  the  attempts  to  detach  it  from  its  com- 
binations by  chlorine  or  oxygen,  (on  the  presumption  that  the 
attraction  of  one  of  those  bodies  for  the  metals  might  be  supe- 
rior to  that  of  fluorine,)  been  hitherto  successful. 

*  Phil.  Trans.  1813,  part  2;  and  1814,  part  1. 


The  number  representing  the  atom  oi  Jiuiyrlne,  as  deduced 
from  the  composition  ol"  fluoi-  spar,  is  17. 1  ;  and  fluor  spar 
must  be  composed  of  20  caiciLim  and  17-1  fluorine.  On  the 
whole,  Sir  H.  Davy  is  disposed  to  estimate  the  weight  of  the 
atom  of  fluorine  at  less  tliati  Italfthat  of  chlorine,  and  to  fix  it 
at  SS,  which  is  equivalent,  on  Mr.  Dillon's  scale,  to  16.5. 


ELECTRO-POSITIVE  BODIES. 

The  bodies  which  are  determined  to  the  negative  pole  of  a 
galvanic  arrangement,  and  whose  inherent  electrical  state 
msy,  thei'efore,  be  presumed  to  be  positive,  have  been  some- 
limee  termed  simple  comlntitilile  iodies.  To  this  title,  however, 
the  same  objections  exist,  which  have  been  before  urged 
against  that  of  siipporlers  of  cotiibiislion  as  applied  to  electro- 
negative substances,-  and  it  may  be  added  that  one  body  at 
least  (azote)  may  with  propriety  be  included  among  electro- 
positive bodies,  which  cannot  be  considered  ns  combustible, 
and  to  which  it  would  otherwise  be  difScuIt  to  assign  a  place. 
The  electro-positive  class  comprehends,  as  we  have  already 
observed,  nil  the  oltjects  of  chemical  science,  with  the  exception 
of  the  four  that  have  been  already  described;  and  from  their 
great  number  it  becomes  desirable  to  distribute  them  into 
subordinate  and  less  comprehensive  ilivisions.  They  may  be 
considered,  then,  either  as  elementary  or  compound.  The 
elementary,  or  those  which  have  not  been  as  yet  resolved  into 
a  more  simple  state,  may  be  divided  into, 

I.  Those,  which,  by  combination  with  oxygen  or  hydrogen, 
are  capable  of  being  couvcrtcd  into  acids,  but  which  have  no 
metallic  properties. 

II.  Those  which  either  decidedly  rank  as  metals,  or  are 
so  nearly  allied  to  metals  in  their  general  habitudes,  as  to  ren- 
der it  improper  to  assign  to  them  any  other  place  in  a  chemi- 
cal arrangement.  In  the  class  of  metals  will  be  found  a  few 
bodies  which  yield  acids  when  united  with  oxygen,  and  one 
or  two  which  are  even  acidified  by  combination  with  hydrogen. 
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CHAPTER  VII. 

Of  ftTMPtfe  ACtDlFtABLE  BODIES  (NOT  METALlIc),  AND 
THCItl  COBfBlNATIOMS  WlTIf  OXYGEN,  CHLORINE,  IODINE, 
AND   FLUORINE. 

This  subdiviiioti  comprehends  hydrogen,  nitrogen,  char- 
coal, boron,  phosphorus,  sulphur,  and  selenium,  bodies  ex- 
tremely difierent  from  each  other  in  their  external  appearance 
and  physical  characters,  but  still  agreeing  in  the  prq>erty  of 
being  convertible  into  acids.  Of  these,  hydrogen  is  acidifiable 
only  by  chlorine ;  nitrogen,  charcoal,  and  boron  by  oxygen 
only ;  while  sulphur  and  selenium  are  acidifiable  both  by  hy^ 
drogen  and  oxygen.  In  sdecting  the  order  in  which  they 
should  be  described,  I  have  been  governed  chiefly  by  the  iin«- 
portance  of  their  compounds,  and  by  the  extent  of  their  influ- 
ence over  chemical  phenomena.  For  this  reason,  I  begin  with 
hydrogen,  because  there  are  few  chemical  changes  in  whidi 
water  is  not  concerned,  either  by  acting  as  a  solvent,  or  by 
furnishing  oxygen  or  hydrogen  to  the  bodies  with  which  It  is 
brought  into  contact. 


SECTION  I. 
Of  Hydrogen* 

The  most  simple  form,  in  which  htdrooen  has  hitherto 
been  obtained,  is  in  that  of  a  gns,  that  is,  in  a  state  of  union 
with  caloric,  and  perhaps  with  electricity  and  light.  Fmm 
this  combination  wc  are  not  able  to  separate  it,  except  by 
availing  ourselves  of  the  affinity  of  some  other  substance,  in 
which  case  the  hydrogen  separates  from  the  caloric,  and  formsy 
with  the  body  which  has  been  added,  a  new  combination. 
Of  its  nature  we  know  but  little ;  but  as  it  has  not  yet  been 
resolved  into  any  more  simple  form,  it  is  still  arranged  among 
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elementary  hodiee.  The  date  of  the  discovery  of  hydrogen 
gas  docs  not  appear  to  be  clearly  ascertained ;  but  it  secmi  to 
have  been  first  Bttentively  examined  by  Mr.  Cavendish.  It 
lias  been  termed  vijiammable,  or  light  hijlammahle  air,  and  re- 
ceived its  present  appellation  for  a  reason  which  will  be  slated 
in  the  aeijuel. 

1.  Tu  procure  liydrogen  gas,  let  eulphuric  acid,  previouBly 
diluted  with  five  or  six  times  ita  weight  of  water,  be  poured 
on  iron  filings  or  turnings,  or  on  small  iron  nails ;  or  (which  is 
Etill  better)  pour  sulphuric  acid,  diluted  with  eight  parts  by 
weifjht  of  water,  on  zinc,*  granulnteii  by  pouring  it  melted 
into  cold  water,  and  contained  in  a  gas  bottle  or  small  retort. 
An  effervescence  will  ensue,  and  the  escaping  gas  may  be  col- 
lected in  the  usual  manner.  According  to  Mr.  Cavendisli,  one 
ounce  of  zinc  gives  f!56  oz.  nieastires  =  about  676  cubic 
inciies,  and  I  oz.  of  iron  filings,  412  oz.  m.  =  782  cubic  inches, 
of  hydrogen  gas.  An  ingenious  apparatus  for  obtaining  it 
instantaneously  in  a  laboratoiy  is  described  by  Gay  Lussac, 
in  the  filh  vol.  of  Ann.  de  Chim.  et  I'hys.  p.  300;  and  the 
annexed  cut  shows  its  con  si  ruction. 
It  consists  of  a  three  necked  glass 
bottle,  one  of  whoi>e  openings  haa 
stopper  from  which  is  suspended  a 
small  cylinder  of  zinc.  To  the  op' 
posite  aperture  is  fixed  a  bent  brass 
tnbc  furnished  with  a  stop  cock,  on 
which  may  be  screwed  either  a  small 
jet  for  burning  tlic  gas,  or  a  tube  to 
conduct  it  wherever  It  may  be  re- 
quired. The  upper  vessel  is  of  glass,  - 
and  ground  to  fit  the  middle  neck,  lis  pipe  reaching  within  a 
smail  distance  of  the  bottom  of  the  bottle.  To  use  the  appa- 
ratus, tlie  lower  vessel  is  filled  with  sulphuric  acid  properly  di- 
luted, and  the  zinc  cylinder  is  then  introduced,  the  stopper 
beingclosed  to  which  it  is  affixed,  and  the  cover  of  the  upper 
veasel  removed.  The  gas,  which  is  generated,  drives  the 
diluted  acid  into  the  upper  vessel,  and  the  further  production 


"  Zinc  may  be  purchaicd  at  ihe  brass-foundcn  or  coppet-smithi,  uiulei 
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of  it  ceases,  when  the  zinc  is  completely  uncovered.  We 
have  then  the  bottle  filled  with  gas ;  and  can  at  any  time  expel 
it  by  opening  the  cock,  and  allowing  the  atmosphere  to  press 
on  the  surface  of  the  liquid  in  the  globular  vessel. 

Hydrogen  gas,  thus  obtained,  is  not  to  be  considered  as  ab« 
solutely  pure.  An  observation  of  Mr.  Cuthbertson  long  ago 
rendered  it  probable  that,  when  disengaged  by  zinc,  it  con-* 
tains  a  portion  of  that  metal ;  and,  when  generated  by  means 
of  iron,  it  is  apt  to  contain  a  little  carbureted  hydrogen.  Mr. 
Donovan  has  also  shown,*  that,  when  procured  from  zinc  and 
dilute  sulphuric  acid,  it  is  contaminated  with  sulphureted  hy- 
drogen and  carbonic  acid ;  and  he  recommends  that  to  obtain 
pure  hydrogen,  we  should  first  agitate  common  hydrogen  with 
lime-water  during  a  few  minutes,  next  with  a  little  nitrous 
acid,  afterwards  with  solution  of  greeii  sulphate  of  iron,  and 
finally  with  water.  It  appears  to  me,  however,  that  as  the 
only  impurities,  discovered  by  Mr.  Donovan  iu  hydrogen  gas, 
were  carbonic  acid  and  sulphureted  hydrogen,  they  may  be 
equally  well  removed  by  the  simple  process  of  washing  the 
crude  gas  either  with  lime-water  or  with  a  solution  of  caustic 
potash;  and  Berzelius  and  Dulong,  indeed,  in  their  recent  ex* 
periments,  seem  to  have  trusted  entirely  to  the. latter  agent. 

II.  This  gas  has  the  following  properties : 

1.  It  remains  permanent  over  watery  or  is  not  absorbed  in  a 
proportion  exceeding  3^th  the  bulk  of  the  water. 

2.  It  is  not  altered  either  by  intense  heat  or  by  electric 
discharges.  It  refracts  light  more  powerfully  than  any  other 
gas. 

S.  As  commonly  procured^  it  has  a  disagreeable  smell ;  but 
pure  hydrogen  gas  was  found  by  Mr.  Donovan  to  be  free  from 
all  odour. 

4.  It  is  inflammable.  This  may  be  shown  by  the  following 
experiments: 

(a)  Fill  a  small  jar  with  the  gas,  and,  holding  it  with  the 
mouth  downwards,  bring  the  gas  into  contact  with  the  flame 
of  a  candle.  The  air  will  take  fire,  and  will  bum  silently  with 
a  lambent  flame. 
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(i)  Fill  witli  this  gas  a  bindder  ^v)lic1l  ia  furnished  with  a 
st%p-cock,  and  with  a  small  pipe,  of  diameter  less  than  that  or.i 
common  tobacco  pipe.  Press  the  air  out  through  the  pipe, 
and,  on  presenting  a  lif^htcd  CLindle,  the  stream  will  take  fire, 
and  continue  to  burn  with  a  pale  and  feeble  flame,  not  well 
adapted  to  the  purpose  of  nrttticiul  light. 

Persona,  who  are  provided  with  the  jars  represented  pi.  ii. 
fig.  22,  a,  mny  screw  to  the  cock  a  brass  pipe  with  a  small 
nperture.  On  pressing  the  jar,  filled  with  hydrogen  gas,  into 
the  water,  and  opening  ihe  cock,  the  gas  wilt  be  forced  out  in 
a  stream,  which  may  be  set  on  fire.  On  this  principle  are 
founded  the  artificial  fireworks  without  smell  or  smoke.  They 
consist  of  pipes,  having  variously  sized  apertures,  some  of 
wbtch  have  a  rotatory  motion ;  and  to  give  greater  brilliancy 
or  variety  of  colour  to  the  flame,  the  hydrogen  gas  is  impreg- 
nated cither  with  sulphuric  etiier,  or  some  other  substance 
that  admits  of  being  readily  difTused  through  it. 

(c)  In  a  strong  bollle,  capable  of  holding  about  four  ounces 
of  water,  mix  two  parts  of  common  air  and  one  of  hydrogen 
gas.  On  applying  a  lighted  cnndle,  or  a  red  hot  wire,  the 
mixture  will  burn,  not  silently,  as  in  experiment  (n),  but  with 
a  sudden  and  loud  explosion.  If  a  larger  bottle  be  used,  It 
should  be  wrapped  round  with  a  handkerchief,  to  prevent  the 
gloss  from  doing  any  injury,  In  case  the  botde  should  be 
burst.* 

Mr.  Cavendish  made  a  number  of  experiments  on  the  effects 
of  firing  difTerent  proportions  of  hydrogen  gas  and  common  oir. 
(Phil.  Trans,  vol,  Ivi.}  Nine  parts  of  air  with  one  ofhydrogcn 
did  not  fire  easily,  and  gave  a  feeble  sound ;  and  four  parts  of 
hj-drogeii  widi  one  of  air  caught  fire  without  noise,  and  con- 
tinued to  burn  only  iti  the  neck  of  the  bottle.  Four  parts  of 
hydrogen  and  six  of  air  gave  the  loudest  sound.  He  found 
indeed  that  It  was  necessary  that  the  mixture  should  contain 
more  air  than  inflammable  gas;  otherwise  the  whole  of  the 
latter  is  not  consumed.  From  theory,  five  volumes  of  common 
air  should  be  sufficient  for  two  of  hydrogen,  for  these  are  ade- 


•  These  experiments  may  also  be  made  advanWgeously  by  ir 
npparniu*  sold  under  ilie  name  of  the  inBamatable  u'r-pisiol. 
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quale  to  tatiiratc  one  volume  of  oxygen  wbich  !s  coot^H 
in  5  of  atmospheric  air ;  but  it  is  probable  that  a  small  «^| 
of  common  air  will  render  the  combustion  more  perfect.  ^H 

((f)  The  same  experiment  may  be  repeated  with  oxjjjen  Jl 
instentl  of  atmospherical  air;  chnnging  the  pioponions,  an 
mixing  only  one  part  of  oxj'gen  gas  with  two  of  liydrogM 
The  report  wtli  be  considerably  louder.  The  bottle  should  b 
a  very  sironf*  one,  and  should  be  wrapped  round  with  seven 
folds  of  cloth  to  prevent  an  accident. 

In  this  case  also  the  combustion  is  imperlecl)  if  much  mofli 
or  much  less  oxygen  be  employed,  than  is  required  tn  saturw 
the  hydrogen.  When  the  oxygen  is  9-l  times  the  volume  dl 
the  hydrogen,  or  when,  on  the  other  h.ind,  it  is  reduced  to  oav 
tenth  of  the  bulk  of  the  latter  gas,  the  combuslioii  in  bothoux 
ia  incomplete,  and  a  portion  of  the  hydrogen  remains  uncoM 
sumcd.  Str  H.  Davy  found  that  one  measure  of  hydrc^M 
and  oxygen  gases,  mixed  in  due  proportion  for  perfect  conM 
bustion,  was  rendered  uninflammable  by  eight  additional  men 
GureM  of  hydrogen,  or  nine  of  oxygen. 

(e)  The  combustion  of  these  two  gases  may  be  made  ova 
water,  by  means  of  the  electric  spark.  Procure  a  strong  tubB 
nbout  three  quarters  of  an  inch  diameter,  and  12  inches  lougf 
closed  at  one  end  (plate  ii.  %■  29,  L)  About  a  quarter  O* 
half  an  inch  from  the  scaled  end,  let  two  small  holes  bo  driUeJ, 
opposite  to  each  other,  and  into  each  of  these  let  n  brass  odih 
ductor  be  cemented,  so  that  the  two  points  may  bo  ditUnt 
from  each  other  within  (he  tube,  about  one  8th  of  an  inch, 
Ad  RpparatuK,  serving  the  same  purpose,  and  much  mon 
easily  construeted,  may  be  formed  by  hermetically  bobIuiki 
piecoof  brass  wire,  or,  still  better,  platina  wire,  into  thocndo 
B  glass  tube  (fig.  29,  a).  With  this  conductor,  an  iiilerniptft 
circuit  may  be  formed,  by  introducing  into  the  tube  n  longe 
wire,  one  end  of  which  terminates  one  lOdi  of  an  inch  fivu 
the  upper  one,  while  the  other  extends  beyond  tlie  apertim  a 
the  tulH!.  (Sec  fig.  Si.)  Into  this  tube,  standing  over  mlMl 
pnss  about  half  a  cubic  inch  of  a  mixture  of  hydrogtn  anj 
oxygen  gases,  in  the  proportion  of  two  measures  of  the  lor 
mar  to  one  of  tlie  latter.  Hold  the  tube  firmly,  and  paatat 
electric  spark  Uuvugb  llw  mixed  gases.    For  ralievi 
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AodK  which  k  ioowtimM  considerable  on  firing,  an  ingenious 
coQtriYanc^  of  Sir  H»  Davy,  described  in  the  Philosophical 
Magimne»  itxxi.  d,  may  be  employed ;  or  the  one  proposed 
bj  Dr.  Ure,  in  the  12th  vol.  of  Annals  of  Philosophy,  p.  381. 
The  first  effect  of  the  combustion  is  a  sudden  and  considerable 
cniaqgement  of  volumei  which)  from  some  experiments  of  Sir 
H.  Davy  (on  Flame,  p.  90)  probably  amounts  to  15  times  the 
ffig^nalbulk  of  the  mixture*  After  tliis  the  gases,  if  pure,  and 
m  the  proper  proportion)  will  be  found  to  have  disappeared 
adrdy. 

It  has  been  asserted  by  Grotthus,  tliat  a  mixture  of  two 
fecasarei  of  hydrogen  gas  with  one  of  oxygen,  cannot  be  in- 
Iniedby  the  electric  spark,  when  expanded  to  16  times  its 
lohme  by  diminished  pressure ;  nor,  when  dilated  by  heat 
toonly  six  times  its  volume.    In  the  latter  case,  even  a  lighted 
lipr,  he  asserts,  does  not  kindle  the  mixture ;  but  water  is 
fcnned  silently  by  a  continued  succession  of  electric  sparks.* 
Oxygen  and  hydrogen  gases,  in  the  proportions  to  form  wa- 
^  it  is  admitted  by  Sir  H.  Davy,  will  not  explode  by  the  elec- 
^ spark  when  mechanically  rarefied  18  times;  but  when  the 
libe  containing  the  expanded  gases  was  artificially  heated  so  as 
^7  to  soften,  and  the  electric  spark  then  passed,  a  feeble 
ImIi  of  light  was  visible,  which  is  not  consistent  with  the  last 
Motioned  experiments  of  Grotthus.  Sir  H.  Davy  found,  also, 
^dilatation  by  heat,  instead  of  diminishing  the  cxplosiveness 
oTa  mixture  of  hydrogen  and  oxygen  gases  in  the  proportions 
^  saturate  each  other,  on  the  contrary  enabled  them  to  ex- 
plode at  lower  temperatures.     Thus  a  mixture  of  two  vo- 
lomes  of  hydrogen  and  one  of  oxygen,  being  expanded  by  a 
spirit  lamp  to  2^  volumes,  instantly  exploded  when  the  upper 
(Nfft  of  the  tube  containing  it  was  made  red  hot  by  another 
yirit  kmp.     He  even  found  that  a  heat  much  below  redness 
(somewhere  between  the  boiling  point  of  mercury,  and  the 
greatest  heat  that   can  be   given  short  of  rendering  glass 
luminous    in  the   dark)  occasions    a   mixture  of  hydrogen 
and  oxygen  gases  to  unite  without  violence  or  evolution  of 
light ;  but  that  if,  to  a  mixture  so  circumstanced,  a  red  heat 
be  suddenly  applied,  an  explosion  always  takes  place.     (On 
Flame,  p.  68.) 
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A  glowing  coal,  if  red  in  day  light,  and  free  from  asbesi 
uniformly  explodes  a  mixture  of  hydrogen  and  oxygen  gases; 
but  if  its  redness  is  barely  visible  in  the  shade,  it  will  not 
explode  them,  but  will  cause  their  slow  combination.  This  is 
not  owing  to  rarefaction  ;  for  if  an  iron  wire  heated  to  white- 
ness be  placed  upon  the  coal  within  the  vessel,  the  mixture 
instantly  detonates. 

It  is  rarely  that  oxygen  and  hydrogen  gases  can  be  used  in 
such  a  state  of  purity  as  to  leave  absolutely  no  residuum.  To 
determine,  indeed,  the  purity  either  of  the  oxygen  or  hydro- 
gen  gas  employed,  it  is  sometimes  necessary  so  to  adjust  their 
proportions,  that  the  whole  mixture  may  not  be  condensed 
by  firing.  If,  for  example,  we  wish  to  know  the  purity  of  a 
yuantiiy  of  oxygen  gas^  we  are  to  use  about  three  times  its 
bulk  of  hydrogen.  Let  us  suppose  that  100  measures  of  oxy- 
gen arc  detonated  with  300  of  hydrogen  gas,  and  tliat  the 
total  400  is  reduced  by  firing  to  130;  the  diminution  of  vo** 
lume  will  be  270.  This  number,  divided  by  three^  gives  90 
for  the  quantity  of  oxygen ;  that  is,  the  oxygen  gas  employed 
must  have  contained  1 0  per  cent,  of  nitrogen,  or  of  some  fo- 
reign gas  not  condensible  by  hydrogen. 

If  atmospherical  air  be  employed,  a  diminution,  though  not 
equal  in  amount,  will  be  produced  by  the  union  of  the  hydros 
gen  with  the  oxygen  gas  contained  in  the  air ;  and  if  a  suffi- 
cient quantity   of  hydrogen  gas  be  employed,  the  whole  of 
the  atmospheric  oxygen  will  thus  be  removed.  On  tliis  princi- 
ple is  founded  the  Eudiometer  of  Volta,  which  may  be 
constructed  by  graduating  either  of  the  tubes  already  de- 
scribed into  equal  parts.*     If,  in  one  of  these  tubes,  we  mix 
300  parts  of  common  air,  and  200  of  pure  hydrogen  ^s, 
there  will  remain,  after  the  explosion  excited  by  passing  an 
electric  spark  between  the  two  wires,  about  305  measures. 
There  will,  therefore,  have  been  a  diminution  of  195  measures, 
of  which  pretty  exactly  one  3d  may  be  estimated  to  be  pure 
oxygen.     In  this  instance,  therefore,  65  of  oxygen  have  been 
lost  by  300  of  air,  or  21  and  a  fraction  per  cent. 


*  A  Volu's  EodioiBeler,  iavented  by  Gay  Lussac,  is  described  id  An. 
Cbim.  ei  Phyt.  tr.  188.    See  ibo  Dr.  Hare,  in  Sill*unan*s  AsMiiaa 
Joanal,  iL  312. 
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The  generftl  rule  for  ascertaining  the  purity  of  utmosjihcric 
air  l^  hydrogen  gas,  may  be  stated  as  follows :  Add  to  three 
measures  of  the  nir  under  examination,  two  measures  of  pure 
hydrogen  gas;  inflame  the  mixture  by  electricity;  observe 
the  diminutioD  when  tlie  vessel  has  cooled ;  and,  dividing  its 
unouDt  by  three,  we  obtain  pretty  nearly  the  tjuantity  of  oxy- 
gen gas  which  has  been  condensed. 

In  the  reverse  process,  i.  e.  in  determiiiing  lite  purity  of  hy- 
drogen gas,  wc  mix  it  witli  more  oxygen  gas  timn  is  required 
fijT  saturation.  Suppose  that  lo  100  of  hydrogen  gas  we  add 
100  of  oxygen,  and  that  80  measures  remain  after  detonation. 
Tbe  diminution  will  have  been  120  measures ;  and  of  these, 
two  3ds  or  80  measures  arc  liydrogen.  Hence  the  inflam- 
niabtegas  under  examination,  must  contain  20  per  cent,  of 
mnc  other  gas,  which  is  most  probably  nitrogen.  In  this 
w»y  we  determine  tbe  proportions  of  hydrogen  and  nitrogen 
in  any  mixture  composed  of  those  two  gases  only. 

[J)  The  diminution  of  hydrogen  and  oxygen  gases,  by  tlie 
union  of  llieir  bases,  may  be  shown  also  by  their  slow  com- 
bustion. Fill  a  tall  jar  with  oxygen  gas,  and  fill  also,  with 
hydrogen  gas,  a  bladder  furnished  with  a  stop-cock,  and  nith 
a  long  brass  pipe  bent  lilie  tlie  letter  S,  and  drawn  out  to  a 
fine  point  (plate  iv.  fig.  41.)  On  pressing  the  bladder,  a 
stream  ofgnswiil  issue  from  the  pipe,  which  may  be  set  on 
fire,  and  brought  cauliously  under  the  tall  inverted  jar  of 
oxygen  gns.  By  this  contrivance,  the  stream  of  hydrogen  gas 
will  be  burnt  in  a  confined  portion  of  oxygen  gas  ;  and,  on 
continuing  the  combustion  n  sufficient  length  of  time,  the  wa- 
ter will  be  seen  to  rise  gradually  within  tbe  jar.  On  the  first 
impression  of  the  heat,  indeed,  a  (juantlty  of  gas  will  escape 
from  the  jar,  which  will  render  it  difhcult  to  ascertain  what 
degree  of  absorption  has  actuolly  taltcn  place.  But  this  loss 
may  be  prevented,  by  using  a  jar  with  a  neck  at  the  top,  to 
which  a  compressed  bladder  is  firmly  tied.  The  expanded 
air,  instead  of  escaping  through  the  water,  will  now  fill  the 
bladder  at  the  top ;  and,  when  tlie  experiment  has  cJoscd,  and 
the  vessels  have  cooled,  it  may  be  ascertained,  by  pressing  out 
the  gas  from  the  bladder,  what  quantity  of  oxygen  gas  has 
been  consumed. 
uTbc  same  experiment  may  be  more  accurately  and  ele- 
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gantly  made  with  the  assistance  of  an  apparatus  which  I 
have  described  in  the  Pliilosophical  Transactions  for  1808. 
The  description  cannot  be  understood  without  the  plate, 
which  is  there  given,  and  which  has  been  copied  Into  the 
Philosophical  Magazine,  xxxii.  and  Nicholson's  Journal^  xxi. 
The  fact  may,  also,  be  shown  by  substituting,  for  the  bladder 
(f,  fig.  41 ),  a  small  gazometcr,  containing  a  measured  qoan* 
tity  of  hydrogen  gas.  Let  tlie  bent  pipe  be  screwed  on  the 
cock  of  the  gazometer ;  and  over  its  open  end,  placed  perpen- 
dicularly, invert  a  jar  of  oxygen  gas.  This  jar  must  be  pro- 
vided at  the  top  with  a  metallic  conductor,  screwed  into  a 
brass  cap,  as  represented  in  fig.  41 ;  which  shows  also  the 
level  of  the  water  within  the  jar,  attained  by  means  of  a  sy- 
phon. After  noting  the  height  of  the  water  within,  let  a  rapid 
succession  of  electric  sparks  be  passed  between  the  two  con- 
ductors ;  and,  on  opening  the  cock  at  this  instant,  the  stream 
of  oxygen  gas  will  be  inflamed.  The  end  of  the  pipe  must 
tlien  be  so  far  depressed,  that  the  cement  of  the  brass  cap 
may  not  be  melted  by  the  flame;  and  the  outer  surface  of  the 
top  of  the  vessel  should  be  kept  cool.  When  the  gas  is  first 
lighted,  the  oxygen  gas  will  be  suddenly  expanded ;  but,  pre- 
sently a  rapid  diminution  will  go  on,  till  the  water  rises  above 
the  end  of  the  pipe,  and  extinguishes  the  flame.  If  pure  oxy- 
gen gas  be  employed,  it  will  be  found,  after  the  experiment, 
uninjured  in  its  quality,  and  will  support  the  combustion  of 
burning  bodies  as  well  as  before. 

When  the  above  experiment  is  made  with  the  substitution 
of  common  air  for  oxygen  gas,  a  diminution  takes  place,  but 
much  less  considerable,  viz.  not  amounting  to  one  6th  of  the 
original  bulk  of  the  gas. 

(g)  When  a  stream  of  hydrogen  gas  is  burned  under  a  tube 
18  or  84  inches  long,  a  musical  sound  is  produced.  The  ex- 
perimeot  may  be  made  in  the  following  manner : 

Into  ft  glass  bottle  are  put  iron  filings  and  sulphuric  acid, 

-**iHaii  wWi  five  or  six  parts  of  water ;  and  a  cork  is  fitted 

*^0iik|  ffarough  which  a  glass  tube  is  passed,  having  its 

Witty  drawn  out  to  a  capillars  bore.    By  setting 

«iS"  g«b*  which  escapes  ft^^  tWa  extrcmityr 


nI  tiU  it  has  bcer^  n^^^^A  ^«  wmc^ms^ 


a  continuctl  current  or  jet  of  flnme  is  produced,  which  is  nl- 
laned  to  pass  into  a  lube  either  of  ^Inss,  cnrlhcn  ware,  or 
metal.  Ifthe  tube  be  not  too  large,  tlic  flame  becomes  smaller 
&s  it  in  deprcascti;  nnd  when  tlic  tube  covers  the  fiome  to  n 
considerable  depth,  very  clear  sounds  are  produced.  But,  ou 
the  coDtrar)',  ifthe  tube  be  too  narrow,  the  flame  will  be  ex- 
tinguished; and,  in  proportion  as  the  tube  is  enlarged,  the 
Bouud  diminiijhcs:  so  that  there  is  a  certain  limit  at  which  it 
totally  ceases.  The  same  happens  when  the  tube  is  too  lonj^. 
The  sounds  may  be  iiiii>ed  at  jileaBure,  by  either  using  tubes 
uf  various  figures  or  dimensions,  or  made  of  dillerent  sub- 
staiicea.* 

(/(}  It  has  been  discovered  by  M.  Diot  that  a  mixture  of 
hydrogen  and  oxygen  gases  may  be  mode  to  explode  by  me- 
chanical compression.  A  mixture  of  these  two  gases  was  in- 
troduced into  n  strong  metallic  syringe,  furnished  widi  a  glass 
bottom,  and  a  sudden  stroke  given  to  the  piston.  An  ex- 
tremely brilliant  liglit  appeared,  accompanied  with  a  loud  de- 
tonation; and  the  glass  bottom  was  forcibly  driven  out.  The 
rq>etition  of  tliis  experiment,  it  is  obvious,  must  be  attended 
with  some  difficulty  and  danger .f  The  heat  given  out  by  the 
sudden  compression  of  die  gases  is  probably  the  cause  of  iho 
combustion  which  is  excited. 

The  combustion  of  hydrogen  antl  oxygen  gases  was  many 

years  ago  succeasfidly  applied  by  Dr.  Hare  of  Pliilndclphia  to 

the  purpose    of  exciting  an   intense  licat  by  the  blow-pipe. 

The  peculiar  construction  of  the  apparatus  cannot  be  under- 

Dlood  without  a  plate,  whicli  may  be  seen  in  the  Atinales  de 

CtiJmWi  tom.  xlv.  or  in  the  Hth  volume  of  the  Philosophical 

Aj])^zine.     It  mny  be  suflicient  here  to  state,  that  the  gases 

«l^  contained  each  in  a  separate  gasholder;  that  they  arc  ex- 

P^lfffd    Ijy  the  pressure    of  a  column  of  water  obtained  by 

■/o^j -.^/»«n rng  die  pipe  b,  fig.  SC;  and  that  their  mixture  does 

<lo.  -^fce  place  till  they  nearly  reach  the  aperture  of  the  pipe, 

if  ,«-£;    c3<tremity  of  which  they  arc  iuflamed.     This  last  pre- 

I 


^jc  ficMvil  all  ihc  cemmoii  ait  of  the  Wile  t  oihcrwiocaa  expluiion 
,^,*s:»",  anil  ihoboiilo  will  be  hunl,  with  some  danger  ti>  the  oijcralgt. 
^f^      f^ichoiioa't  Joutnul,  l*»'n-  i-  IBO-  aiwl  iv.  23. 
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jciiolson'a  Jouruul.iii.  812. 
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caution  is  of  considerable  importance,  because  a  violent  and 
dangerous  explosion  would  otherwise  happen.  To  guard  the 
more  effectually  against  this  accident,  it  is  advisable  to  aflSx  a 
valve,  opening  outwards,  in  the  pipe  proceeding  from  each 
gasholder,  just  before  the  junction  of  the  two. 

The  power  of  hydrogen  and  oxygen  gases  to  produce  an 
intense  degree  of  heat,  has  been  much  increased,  in  con- 
sequence of  a  suggestion  of  Mr.  Kcwman  to  Professor 
Clarke  of  Cambridge,  that  the  gases  should  be  previously 
mixed,  then  condensed  into  a  metallic  reservoir,  and  made  to 
pass  through  a  capillary  tube  before  being  set  on  fire.*  (See 
plate  X,  fig.  4,  5,  6,  and  the  Description  of  the  Plates  at  the 
end  of  vol.  ii.)  The  temperature  thus  produced  was  foimd 
adequate  to  the  instantaneous  fusion  of  the  most  refractory 
substances.  Platinum,  for  instance,  was  not  only  immediately 
melted,  but  set  on  fire  and  consumed  like  iron  wire  in  oxygen 
gas,  with  vivid  scintillation.  Considerable  danger,  however, 
arises  to  the  operator,  from  the  liability  of  the  condensed 
gases  to  explode  and  burst  the  apparatus.  Several  expedients 
have  been  tried  for  the  purpose  of  obviating  this  risk,  the 
most  effectual  of  which,  suggested  by  Professor  Cumming, 
consists  in  interposing,  between  the  flnmc  and  the  main  re- 
servoir of  gases,  a  cylinder  containing  a  little  water  or  oil, 
through  which,  by  means  of  a  valve  at  the  bottom,  the  gas  is 
allowed  to  pass.t  All,  therefore,  that  can  happen  is  the  ex- 
plosion of  the  mixed  gases  between  the  inflamed  jet  and  the 
surface  of  the  oil  or  water,  where  the  quantity-  is  not  sufficient 
to  occasion  any  serious  mischief.  The  more  effectually  to 
guard  against  danger,  Dr.  Clarke  has  since,  on  the  suggestion 
of  Dr.  Wollaston,  interposed  a  fagot  of  capillary  tubes  of  the 
amallest  possible  diameter,  between  the  stop-cock  and  the 
orifice  of  the  pipe  at  which  the  gases  are  inflamed.j:     Addi- 

of  Science,  &c.  ii.  104. 
I  of  Science,  &c.  ii.  379>  where  a  plate  of  the  improved  appa- 

^nna]^  ht.  3S7.  Other  improvements  are  suggested  in  the 

■^;    Edin.  Journal,  ii.  187 ;  and  Ann.  ofPhilos. 

^mmtion  respecting  the  construction  and  use 

WDd  in  Dr.  Clarke's  book  on  the  Gas  Blow- 
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tional  safety  may,  also,  be  given  to  the  apparatus  by  inter- 
posing,  between  the  operator  and  the  reservoir,  a  strong  screen^ 
through  which  the  piston  rod  of  the  syringe  may  be  worked 
horizontally,  and  the  flame  may  thus  be  kept  up  for  a  lengtlr 
of  time  proportionate  to  the  size  of  the  reservoir,  from  whicb 
the  mixed  gases  are  drawn.*  This  modification  of  the  in- 
strument renders  it  applicable  to  some  of  the  arts,  in  which 
not  only  an  intense  but  a  long  continued  heat  is  required. 

4.  Hydrogen  gas,  though  inflammable  itself,  extinguishes^ 
burning  bodies. — Bring  an  inverted  jar,  filled  with  this  gas, 
over  the  flame  of  a  candle ;  and  suddenly  depress  the  jar,  sa 
that  the  lighted  wick  may  be  wholly  surrounded  by  the  gas.. 
The  candle  will  be  immediately  extinguished. 

5.  //  is  fatal  to  animals. — ^l^his  may  be  shown  by  cofining,. 
in  the  gas,  a  mouse  or  other  small  animal.  It  may,  indeed, 
be  breathed  for  some  time,  without  inconvenience,  when, 
the  lungs  at  the  outset  are  filled  with  common  air ;  but  if  a 
forcible  expiration  be  made,  before  drawing  in  the  hydrogea 
gas,  only  two  or  three  inspirations  of  the  latter  can  be  made, 
and  even  these  produce  great  feebleness  and  oppression  about 
the  chest.  It  has  been  found,  also,  to  change  the  tone  of  the 
voice.  This  eifect  is  observed,  on  the  person  speaking  imme- 
diately after  ceasing  to  breathe  it;  but  it  soon  goes  ofi*. 
(Joum.  of  Science,  ix.  182.) 

6.  //  is  consideiably  lighter  than  atmospherical  air,  and  in-- 
deed  is  the  lightest  of  all  elastic  fluids. — The  earlier  attempts. 
to  ascertain  its  specific  gravity  appear  to  have  given  too  large 
numbers,  probably  on  account  of  the  impurity  of  the  gas  sub* 
mitted  to  experiment.  Kirwan  made  100  cubic  inches  (ther« 
mometer  60^,  barometer  30}  to  weigh  2.613  grains ;  Lavoisier 
2.372;  and  Fourcroy,  Vauquelin,  and  Seguin,  2.75.  Even 
MM.  Biot  and  Arago  found  the  same  quantity  to  weigh  2.23, 
which  would  make  the  specific  gravity  of  the  gas  0.07321.  Dr. 
Thomson,  by  recent  experiments  (Ann.  Phil.  xvi.  168),  re- 
duces it  to  0.06940,  which  is  precisely  the  number  deduced  by 
Dr.  Prout  from  tlie  composition  and  specific  gravity  of  am- 

*  Thomson's  Annals,  x.  373.    Other  improvements  of  the  apparatus 
are  dcMribed  in  the  same  work,  x.  366. 
VOL.  I.  R 
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xnonia.  It  docs  not  appear,  however,  that  Dr.  Thomson  ope- 
rated on  the  gas  artificially  dried,  and  the  aqueous  vapour  dif- 
fused through  his  gas  would  a  little  increase  its  specific  gravity. 
Berzelius  and  Dulong,  having  taken  the  precaution  to  dry 
their  hydrogen  gas,  found  its  specific  gravity  to  be  only 
0.0688,  from  whence,  taking  100  cubic  inches  of  atmospheric 
air  at  31  grains,  we  find  100  cubic  inches  of  dry  hydrogen 
gas,  at  a  mean  of  the  barometer  and  thermometer,  to  weigh 
2.1S  grains.  (Ann.de  Chim.  et  Pliys.  xv.  393.) 

(a)  Let  a  jar  fiUed  with  this  gas  stand,  for  a  few  seconds, 
with  its  open  mouth  upwards.  On  letting  down  a  candle,  the 
gas  will  be  found  to  have  escaped. 

(/')  Place  another  jar  of  the  gas  inverted,  or  with  its  mouth 
downwards.  The  gas  will  now  be  found  to  remain  a  short 
lime  in  the  jar,  being  prevented  from  escaping  upwards  by 
the  bottom  and  sides  of  the  vessel. 

(c)  Fill,  with  hydrogen  gas,  a  bladder  furnished  with  a 
stop-cock  ;  and  adapt  to  this  a  common  tobacco  pipe.  Dip 
the  bowl  of  the  pipe  into  a  lather  of  soap,  and,  turning  the 
cock,  blow  up  the  lather  into  bubbles.  These  bubbles,  in- 
stead of  falling  to  the  ground,  like  those  commonly  blown  by 
children,  will  rise  rapidl}'  into  the  air.  On  this  property  of 
hydrogen  gas,  is  founded  its  application  to  the  raising  of  bal- 
loons. 

(d)  The  experiment  may  be  varied  by  filling  the  bladder 
Tvith  a  mixture  of  two  parts  of  hydrogen  gas,  and  one  of  oxy- 
gen gas.  Bubbles,  blown  with  this  mixture,  take  fire  on  the 
approach  of  a  lighted  candle,  and  detonate  with  a  loud  re- 
port. It  is  proper,  however,  not  to  set  them  on  fire,  till  they 
are  completely  detached  from  the  bowl  of  the  pipe;  otherwise 
the  contents  of  the  bladder  will  be  exploded,  with  consider- 
able danger  to  the  operator. 

In  this  places  property  of  hydrogen  gas  may  be  described, 
which  it  possesses  in  common  with  all  other  aeriform  bodies^ 
viz.  a  tendency  to  difl^iision  through  any  other  elastic  fluid, 
with  which' it  may  be  brought  into  contact.  Common  or  in* 
dastic  fluida  are  capable  of  remaining  in  contact  with  each 
4>Uier  for  a  long  time  without  admixture.     Thus  if  we  half  fiK 
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a  wine  glass  with  spirit  of  wine  tinged  with  any  colouring  in- 
gredient, and  then,  by  means  of  the  dropping  tube,  fig.  15, 
introduce  under  it  a  quantity  of  water,  the  spirit  floats  on  the 
water,  and  the  two  surfaces  remain  perfectly  distinct,  provided 
we  carefully  avoid  agitation  or  unequal  changes  of  tempe- 
rature. But  this  is  not  the  cnse  with  elastic  fluids  or  gases, 
which,  it  has  been  discovered  by  Mr.  Dalton,*  penetrate 
each  other,  and  become  thoroughly  mixed  untler  all  circum- 
stances. The  fact,  with  respect  to  hydrogen  and  oxygen  gases, 
may  be  proved  by  a  very  simple  apparatus. 

Provide  two  glass  vials,  each  of  the  capacity  of  about  an 
ounce  measure,  and  also  a  tube  open  at  both  ends,  10  inches 
long  and  one  20th  inch  bore.  At  each  end,  the  tube  is  to  be 
passed  through  a  perforated  cork,  adapted  to  the  necks  of 
the  vials.  Fill  one  of  the  lK)tllcs  with  hydrogen  gas,  and  the 
other  with  oxygen  gas;  place  the  latter  on  a  table  with  its 
mouth  upwards,  and  into  this  insert  the  tube  secured  by  its 
cork.  Then,  holding  the  hydrogen  bottle  with  its  mouth 
downwards,  fit  it  upon  the  cork  at  the  top  of  the  tube.  The 
two  bottles,  thus  connected,  arc  to  be  suffered  to  remain  in 
this  perpendicular  position.  After  standing  two  or  three 
hours,  separate  the  vials,  and  apply  a  lighted  taper  to  their 
mouths,  when  it  will  almost  certainly  occasion  an  explosion 
in  both.  The  hydrogen  gas,  though  sixteen  times  lighter 
than  the  oxygen,  must,  therefore,  have  descended  through 
the  tube  from  the  upper  into  the  lower  vial ;  and  the  oxygen 
gas,  contrary  to  what  might  have  been  expected  from  its 
greater  weight,  must  have  ascended  through  the  tube,  and 
displaced  the  lighter  hydrogen. 

Experiments  of  this  kind,  it  has  been  shown  by  Mr.  Dalton, 
may  be  extended  to  all  the  other  gases ;  but  to  prove  the 
eflfect,  tests  of  a  difTerent  kind  are  necessary,  which  require 
a  previous  knowledge  of  the  properties  of  these  gases.  They 
ettablisb  the  conclusion,  that  elastic  Jitiids,  lukkk  have  a 
efficiently  free  communication  with  each  other,  tend  to  mw 
tual  diffusion,  and  that  this  tendency  is  even  sufficient  to  ovtr- 
come  ihe  obstacle  of  specific  gravity^  the  heavier  rising  into  the 

*  Manchetter  Memoir^  vol.  i.  new  sericf. 
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lighter,  and  ihe  reverse.  It  is  obvious,  therefore,  that  diflfe- 
rent  elastic  fluids,  when  once  thoroughly  mixed,  cannot  se- 
parate, and  arrange  themselves  according  to  their  respective 
specific  gravities. 


ml 


Art.  1. — Hydrogen  with  Oxijgev, — SynthcnSj  or  Composiiiofi, 

rf  JVater. 

It  has  ah'eady  been  stated,  that  oxygen  and  hydrogen  gases, 
>vhen  fired  over  water  in  theproper  proportions,  whollydisappear. 
To  ascertain  the  nature  of  the  product  thus  formed,  the  experi- 
ment must  be  repeated  over  mercury  in  a  similar  manner,  by 
means  of  the  detonating  tube  (pi.  ii.  fig.  28.,)  or  (which  is  still 
better)  in  a  very  strong  glass  vessel,  (see  the  •  — 
annexed  figure)  capable  of  holding  about 
half  a  pint,  and  furnished,  (besides  the  pro- 
}>er  contrivance  at  the  top,  for  taking  an 
electric  spark  in  it,)  with  a  brass  cap  and 
cock,  by  means  of  which  it  can  be  screwed 
to  the  transfer  plate  of  an  air  pump.  When 
exhausted,  it  may  be  filled  with  a  mixture  of 
oxygen  and  hydrogen  gases,  in  the  propor- 
tion of  one  measure  of  the  former  to  two  of 
the  latter,  and  an  electric  spark  may  be 
passed  through  the  mixture.  After  the  ex- 
plosion, when  time  has  been  given  to  the 
vessel  to  cool,  a  sensible  quantity  of  mois- 
ture will  have  condensed  on  the  inner  sur- 
face of  the  vessel,  and  by  repeating  the 
operation  frequently,  a  sufficient  quantity  of 
fluid  may  be  collected  to  show  that  water  is  the  only  product. 
The  water,  produced  in  this  mode,  is  not,  however,  to  be  consi- 
dered as  a  compound  of  the  two  gases,  but  only  of  their  bases; 
for  the  light  and  caloric,  which  constituted  the  gases,  escape,  in 
considerable  part,  during  the  combustion.  Every  gas,  it  must 
be  remembered,  has  at  least  two  ingredients;  the  one,  gravitating 
matter,  which,  if  separate,  would  probably  exist  in  a  solid  or 
(Hsridferm;  the  othev,  an  extremely  subtile  fluid,  termed  ca- 
"  »  the  examjple  before  us,  caloric  (and  perhaps  elec- 
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tiidty  and  light)  is  a  common  ingredient  both  ofhydrogen  and 
oxygen  gases ;  but  the  two  gases  differ  in  liaving  different 
biset.    The  basis  of  the  one  is  called  hydrogen,  of  the  other 
(xvj^sa ;  and  water  may,  therefore^  be  affirmed  to  be  a  com- 
poimd,  not  of  hydrogen  and  oxygen  gasesy  but  of  hydrogen 
md  oxygen.     Its  composition  may  be  proved  in  two  modes ; 
by  synthesis,  i.  e.  by  joining  together  its  two  elementary  in- 
gredients; and  by  analysis,  in  other  words,  by  separating  its 
constituent  parts,  and  again  exhibiting  them  in    a  distinct 
broL 

I.  Fill,  with  hydrogen  gas,  a  bladder,  furnished  with  a 
itt)|Kock  and  bent  pipe  (fig.  41,  ^).  Then  pour  into  a  shallow 
wthen  dish  as  much  quicksilver  as  will  about  half  fill  it,  and 
Bfcrt  over  this  a  glass  bell,  full  of  common  air  and  perfectly 
diT.  Expel  the  hydrogen  gas  through  the  pipe ;  light  the 
cbeam,  and  bring  it  under  the  glass  bell,  by  raising  this,  and 
depressing  it  into  the  mercury,  as  soon  as  the  inflamed  gas  is 
inlroduced.  A  portion  of  air  will  escape,  at  firet,  in  conse- 
<)BeQce  of  the  rarefaction.  As  the  combustion  contimies,  water 
vill  form,  and  will  condense  on  the  sides  of  the  glass.  This 
water  is  produced  by  the  union  of  hydrogen  with  the  oxygen 
coDtained  in  atmospheric  air. 

II.  Those  persons  who  are   not  possessed  of  a   sufficient 

<loantity  of  quicksilver  to  make  the  above  experiment,  may 

wbstitute  the  following :  procure  a  large 

glass  globe,  capable  of  holding  three  or 

four  quarts,  and  having  two  openings, 

one  of  which  may  resemble  the  pipe  of  a 

<)Qilied  receiver.     In  order  to  increase 

tbe  condensing  surface,  the  latter  may 

be  covered  by  a  cylinder  of  thin  glass 

dosed  atone  end.  Inflame  a  stream  of 
ijrdrogen  gas,  proceeding  from  a  blad- 
der (see  the;  figure)  and  introduce  it  into 
the  cavity  of  the  globe.  The  rarefied 
md  vitiated  air  will  ascend  through  the 
iperture  of  the  globe,  and  a  constant 
ii^ly  of  fresh  air  will  be  furnished  from 
beneath.     By  this  combustion,  a  quan- 
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tity  of  water  will  be  generated,  which  will  be  condensed  on 
the  inner  surface  of  the  vessel. 

III.  A  simple  and  ingenious  apparatus,  less  costly  than  any 
other  adapted  to  the  purpose  of  exhibiting  the  composition  of 
water,  was  invented  by  the  late  Mr.  Cuthl>ertson.  It  is  de- 
scribed and  figured  in  Nicholson's  Journal,  4to.  ii.  235 ;  or  in 
the  Philosophical  Magazine,  ii.  317  ;  *  and  also  in  plate  iv.  of 
this  work,  figs.  33  and  3*. 

In  using  this  apparatus,  however,  instead  of  two  glass  re- 
ceivers for  the  oxygen  and  hj'drogen  gases,  standing  inverted 
in  a  trough  of  water,  I  employ  a  couple  of  gazomcters ;  and 
with  this  alteration,  the  experiment  is  more  easily  managed^ 
as  well  as  more  striking.  The  apparatus,  thus  modified,  con- 
sists of  a  large  glass  receiver  or  bottle  a  (pi.  iv.  fig.  34),  with 
nn  opening  at  the  bottom,  into  which  is  cemented  a  piece  of 
brass,  perforated  with  two  holes.  This  brass  piece  is  repre- 
sented of  a  larger  size  in  fig.  33;  the  aperture  a  conveying  the 
oxygen  gas,  and  h  the  hydrogen.  Before  commencing  the 
experiment,  the  cock  r,  fig.  SI-,  is  screwed,  by  means  of  a 
collar-joint,!*  to  the  cock  b  of  the  gazometer,  fig.  S5j  contain- 
ing oxygen  gas ;  and  to  the  ccck  d^  by  the  same  means,  is 
affixed  another  gazometer,  filled  with  hydrogen  gas. 

When  it  is  intended  to  ascertain,  accurately,  the  propor- 
tions of  gases  consumed  and  of  water  generated,  the  receiver 
o,  previously  weighed,  is  first  exhausted  by  an  air-pump,  with 
which  it  may  be  connected  by  the  female  screw  at  r.  The 
quantity  of  common  air  left  in  the  receiver  may  be  determined, 
bv  cnclosini;  a  gunge  within  it :  or  after  exhausting  the  re- 
ceivcr,  oxygen  gas  may  be  admitted  ;  its  contents  pump^ 
out  a  second  time;  and  again  renewed  by  fresh  oxygen  from 
the  gazometer,  the  quantity  of  which  may  be  measured 
by  the  graduated  scale.     'Hie  receiver  being  thus  filled  with 


*  III  ihc  same  \olume  of  the  Philusophicnl  Magazine,  an  interesting 
account  may  be  consuhei)  of  the  principal  experiments  on  the  composition 
of  water,  accompanied  by  neat  and  perspicnous  engravings  of  the  appantos 
employe<l  in  ihcni. 

t  Sec  pi.  V.  f]^.  47 ;  and  the  corresponding  description  of  the.  stroctnre 
of  (his joint,  in  tKc  explanation  of  the  plates  at  the  end  of  the  work. 
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oxygen  gas,  and  accurately  closed  by  a  cock  at  r,  a  successiott 
of  sparks  is  to  be  passed,  from  the  prime  conductor  of  aa 
electrical  machine,  between  the  platina  knob  of  the  bent  wire 
within  the  receiver,  and  the  point  of  the  brass  cone.  While 
the  sparks  are  transmitted,  the  cock  d  is  to  be  opened.  A 
stream  of  hydrogen  gas  will  immediately  issue  from  the  aper- 
ture at  the  point  of  the  cone,  and  will  be  inflamed  by  the  elec-- 
trie  spark,  as  represented  fig.  33.  The  cock  e  is  now  to  be 
opened,  and  the  size  of  the  flame  of  hydrogen  gas  regulated 
by  partly  shutting  the  cock  d.  As  the  volume  of  hydrogen 
gas  consumed  is  double  that  of  the  oxygen ;  and  the  pip^ 
which  transmits  it,  is  of  less  diameter  than  that  conveying  the 
latter,  about  twice  the  pressure  is  required  to  expel  the  hydro- 
gen. This  is  given,  by  lessening,  in  that  proportion,  the 
weight  of  the  counterpoises  (ee^  fig.  35)  of  the  gazometer  con- 
taining hydrogen. 

During  the  combustion,  the  moveable  vessel  c,  fig.  35y  of 
each  gazometer  descends ;  and,  by  observing  the  graduated 
scales,  it  will  be  seen  that  the  hydrogen  vessel  falls  twice  asr 
much  as  that  which  holds  the  oxygen  gas.  It  is  necessary  to 
keep  the  receiver  a  cool  by  means  of  wet  cloths ;  and,  when 
this  is  done,  tlie  water,  which  is  produced,  will  condense  into 
drops  on  the  inside  of  tlie  receiver,  and  collect  nt  tlie  bottom. 
At  the  conclusion  of  the  experiment,  the  receiver  is  to  be  agaia 
weighed,  and  the  increase  noted.  The  quantity  of  gases  con- 
sumed is  to  be  observed,  and  their  actual  weight  computed^ 
by  means  of  the  table  given  in  the  Appendix.  It  will  be  founds 
that  the  weight  of  water  produced  is  very  nearly  equal  to  that 
of  the  two  gases  expended  :  that  is  to  say,  for  every  hundred 
grains  of  water  generated  in  the  receiver,  88.3  grains  of 
oxygen  gas,  and  11.7  grains  of  hydrogen  gas  (equal  by  mea- 
sure to  about  250  cubic  inches  of  the  former,  and  500  of  the 
latter),  will  have  disappeared  from  the  gazometers. 

Of  the  ProportioJi  of  the  Elements  offVater, 

The  precise  determination  of  the  proportions  of  oxygen  and 
hydrogen  in  water,  is  a  problem  of  great  importance,  not  only 
^ttiftoci^Mnt  of. the  factjtself,  but. of  its  influence  on  the. general 
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iheory  of  chemistry.  The  results  of  almost  all  the  earliest  ei 
periments  tended  to  prove,  that  water  is  a  compound  of  9 
parts  by  weight  of  oxygen,  and  15  of  hydrogen.  These  nmi 
bers  were  afterwards  corrected  by  Fourcroy  and  his  associati 
to  85.7  of  oxygen,  and  14.S  of  hydrogen;  and  in  1805  it  wi 
"^hown  by  Humboldt  and  Gay  Lussac,  that  the  quantity  ( 
"uqueous  vapour,  which  gases  alw&ys  contain,  l>eing  subtracted 
it  is  a  nearer  approximation  to  truth  to  state  the  proportions  a 
87.4  and  12.6.  It  is  admitted,  on  all  hands,  that  water  : 
formed  by  the  union  of  two  volumes  of  hydrogen  gas,  and  oc 
volume  of  oxygen  gas.  The  greatest  deviation  from  then 
numbers  that  has  ever  been  contended  for,  is  that  100  measoni 
T)f  oxygen  gas  combine  with  197  measures  of  hydrogen.  Adi 
Terence,  however,  so  difficult  to  ascertain,  on  account  of  i 
minuteness,  may  be  neglected ;  and  it  may  be  safely  assumes 
that  the  general  statement  of  one  volume  of  oxygen  to  two  * 
hydrogen  is  correct. 

In  determining  the  proportion  of  the  elements  of  wale 
«very  thing  will  depend,  therefore,  on  the  precision  wil 
which  the  specific  gravities  of  oxygen  and  hydrogen  gases  M 
ascertained.  Taking  the  results  of  Biot  and  Arago  (^i 
1.10359  for  oxygen  gas,  and  0.07321  for  hydrogen  gas),  it 
proportion  of  the  elements  of  water  should  be  as  1.10359  ^ 
Otl 464-2 ;  and  100  grains  should  be  composed  of 

Oxygen  . . . , 88.286 

Hydrogen 11.714 


100. 
These  proportions  scarcely  differ  from  those  formerly  i* 
ternilncd  by  Berzelius  (81  An.  Ch.  25),  viz. 

Oxygen . . .  ,88.246 . . .  .750.77  ....  100 
Hydrogen.. 11.754...  .100 13.33 


100.  850.77  113.33 


The  most  recent  experiments,  however,  on  the  specific  gra 
vities  of  oxygen  and  hydrogen  gases,  lead  to  an  alteratioD  ii 
the  statement  of  the  composition  of  water,  as  determinad  \r 
its  synthesis.     According  to  the  results  of  Dn  Thootoi 
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oxygen  gas  is  precisely  16  times  heavier  than  hydrogen  gas, 
and  according  to  Berzelius  and  Dulong  a  little  more  than  16 
times;  but  if  we  take  16  to  1  as  the  nearest  approximation,  it 
will  follow,  since  water  consists  of  two  volumes  of  hydrogen 
and  one  of  oxygen,  that  eight  parts  by  weight  of  oxygen  and 
one  of  hydrogen  constitute  water,  or,  according  to  the  last 
mentioned  chemists  it  consists  of 

Oxygen • .  •  •  88.9 

Hydrogen • #  •  •  •  •  1 1.1 

100. 

And  if  water  be  constituted  of  one  atom  of  oxygen  united 
with  one  atom  of  hydrogen,  the  atom  of  oxygen  will  be  re- 
presented by  8,  and  that  of  hydrogen  by  1 ;  or,  representing 
oxygen  by  10,  hydrogen  will  be  denoted  by  1.250.     It  must 
be  allowed,  however,  to  be  possible,  though  it  is  a  much  less 
probable  view  of  the  subject,  that  water  may  be  a  compound 
of  two  atoms  of  hydrogen  with  one  of  oxygen,  which  would 
double  the  weight  of  the  atom  of  oxygen,  and  make  it  16.    But 
it  admits  of  being  proved  to  be  consistent  with  mechanical 
principles,  that  the  most  energetic  combination  of  any  two 
elements  is  that  in  which  they  are  united  particle  to  particle. 
Until,  therefore,  the  contrary  can  be  established,    we   may 
sssunie,  with  Mr.  Dalton,  that  water  is  a  binary  compound 
4?fl  atom  of  oxygen,  and  1   atom  of  hydrogen  :  and,  adding 
ibe  weights  of  these  atoms  together  (8+1),  an  atom  of  water 
^jlJ  weigh  9.     The  same  proportions,  expressed  by  diflFerent 
iiU3£>ers,  as  proposed  by  Dr.  Wollaston,  will  make  the  rela- 
pr^  ^f^ojjQrhtof  an  atom  of  water  10  +  1.250  =  11.250;  the 
fjrctitfarcnce  in  this  way  of  stating  the  fact,  being,  that  oxygen^ 
t^^^^    of  hydrogen,  is  made  the  decimal  unit. 
yyr  ^^^  ^  combustion  of  hydrogen  gas,  either  in  oxygen  gas  or  in 
^^ff:>l'M€sT\Q,  air,  a  large  quantity  of  heat  is  evolved,  the  source 
^  J'^zrim^    as  well  as  of  the  light  which  is  also  extricated,  is 
iit^^.3^    to  be  traced  both  to  the  oxygen  gas  and  to  the  com- 
^M^^'     t>ody.     Several  attempts  have  lieen  made  to  measure 
f^^^-'^^o    thus  set  at  liberty.     Lavoisier,  with  the  aid  of  his 

9  obtained  results  which  led  him  to  assign  295^-  lbs. 
'^e  quantity  melted  by  the  combustion  of  a  pound  of 
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hydrogen  gas.  Dr.  Crawford,  by  a  different  process,  made  it 
4>80  lbs. ;  and  Mr,  Dalton,  from  experiments  on  the  rise  of 
temperature  produced  in  a  known  quantity  of  water  by  burn- 
ing  a  given  volume  of  hydrogen,  calculates  the  ice  melted  by 
the  combustion  of  a  pound  of  hydrogen  to  be  320  lbs.  The 
wide  difference  between  these  several  numbers  shows  the  ne- 
cessity of  fresh  experiments  on  the  subject. 

Analysis^  or  Decomposition^  of  JValer. 

The  analytic  experiments  on  water  are  of  two  kinds: 
Ist^  Such  as  present  us  with  one  of  its  ingredients  only,  in 
a  separate  and  distinct  form :  2dly,  Such  as  present  us  with 
its  two  component  principles,  hydrogen  and  oxygen,  mixed 
together  in  the  state  of  gas. 

1.  Of  the  first  kind  are  the  following : 

1.  Procure  a  gun-barrel,  the  breccli  of  which  has  been 
removed,  so  as  to  form  a  tube  open  at  each  end.  Fill  this 
with  iron  wire,  coiled  up  in  a  spiral  form.  To  one  end  of 
the  barrel  adapt  a  small  glass  retort,  partly  filled  with  water, 
and  to  the  other  a  bent  glass  tube,  the  open  end  of  which 
terminates  under  the  shelf  of  the  pneumatic  cistern.  Let 
the  barrel  be  placed  horizontally  (or  rather  with  that  end,  to 
which  the  retort  is  fixed,  a  little  elevated)  in  a  furnace,  which 
has  two  openings  in  its  body  opposite  to  each  other.  (PL  iv. 
fig.  40.)  Light  a  fire  in  the  furnace ;  and,  when  the  gun- 
barrel  has  become  red-hot,  apply  a  lamp  under  the  retort. 
The  steam  of  the  water  will  pass  over  the  red-hot  iron,  and 
will  be  decomposed.  Its  oxygen  will  unite  with  the  iron;  and 
its  hydrogen  will  be  obtained  in  the  form  of  a  gas.  This  is 
the  readiest  and  cheapest  mode  of  procuring  hydrogen  gas, 
when  wanted  in  considerable  quantity. 

2.  The  same  experiment  may  be  repeated ;  substituting  an 
earthen  tube  for  a  gun-barrel,  and  weighing  the  iron  wire 
accurately,  both  before  and  after  the  experiment.  The  iron 
will  have  gained  weight  very  considerably ;  and,  if  attention 

id  to  the  weight  of  the  water  that  escapes  decomposition, 

lition  to  the  apparatus  (fig.  40,  e),  and  to  the  weight 

fdrcjgen  gas    obtained,  it  will  be  found,  that  the 

^  by  the  iron,  added  to  that  of  the  hydrogen 
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gas,  will  make  up  exactly  the  weight  of  the  water  that  has 
disappeared. 

S.  Water  may  bo  decomposed,  in  a  similar  apparatus,  over 
charcoal  instead  of  iron.  The  products,  however,  are  difierent 
in  this  case,  as  will  appear  from  a  subsequent  section. 

4.  Another  mode  of  effecting  the  decomposition  of  water 
yet  remains  to  be  mentioned,  in  which  not  the  hydrogen,  but 
the  oxygen,  is  obtained  in  a  gaseous  state.  This  is  by  the 
action  of  living  vegetables,  either  entire,  or  by  means  of  their 
leaves  only.  Fill  a  clear  glass  globe  with  water,  and  put  into 
it  a  number  of  green  leaves,  from  almost  any  tree  or  plant, 
A  sprig  or  two  of  mint  will  answer  the  purpose  perfectly  well. 
Invert  the  glass,  or  place  it,  with  its  mouth  downwards,  in  a 
vessel  of  water.  Expose  the  whole  apparatus  to  the  direct 
light  of  the  sun,  which  will  then  fall  on  the  leaves  surroumled 
by  water.  Bubbles  of  air  will  soon  begin  to  form  on  the 
leaves,  and  will  increase  in  size,  till  at  last  they  rise  to  the 
top  of  the  vessel.  This  process  may  be  carried  on  as  long  as 
the  vegetable  continues  healthy;  and  the  gas,  when  examined, 
will  prove  to  be  oxygen  gas,  nearly  pure.  In  this  experi- 
ment, the  hydrogen  combines  with  the  plant,  to  the  nourish- 
ment and  support  of  which  it  contributes,  while  the  oxygen  is 
set  at  liberty. 

II.  The  processes,  by  which  the  elementary  parts  of  water 
are  separated  from  each  other,  and  are  both  obtained  in  an 
aeriform  state^  as  a  mixture  of  hydrogen  and  oxygen  gases, 
are  dependent  on  the  agency  of  electricity. 

1.  The  first  of  these  experiments  requires  for  its  perform- 
ance the  aid  of  a  powerful  electrical  macliine.  This  fact  was 
the  discovery  of  a  society  of  Dutch  chemists ;  and  the  prin- 
cipal circumstance,  in  the  experiment,  is  the  transmission  of 
electrical  shocks,  through  a  confined  portion  of  water.  The 
apparatus  employed,  in  the  experiment  of  Messrs.  Dieroan 
and  Van  Troostwyk,  is  a  glass  tube,  about  one  8th  of  an  inch 
diameter,  and  12  inches  long,  one  of  the  ends  of  which  is 
sealed  hermetically,  a  gold  wire  being  inserted  at  this  end, 
and  projecting  about  an  inch  and  a  half  within  the  tube. 
About  the  distance  of  five  8ths  of  an  inch  from  the  extremity 
of  this,  another  wire  is  to  be  fixed,  which  may  extend  to  the 
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open  end  of  the  tube.     The  tube  is  next  to  be  filled  with  di»-   •* 

tilled  water,  and  to  be  placed  inverted  in  a  vessel  of  tlic  same*. 

When  thus  disposed,  electrical  shocks  are  to  be  passed  be-   *! 

tween  the  two  ends  of  the  wire,  through  the  water;  andt  if  *' 

these  shocks  be  sufficiently  strong,  bubbles  of  air  will  be  ■ 

formed  at  each  explosion,  and  will  ascend  till  the  upper  part  ^ 

of  the  wire  is  uncovered  by  the  water.     As  soon  as  this  is  c 

effected,  the  next  shock  that  is  passed  will  set  fire  to  the  mixed  a 

gases,  and  the  water  will  rise  again  in  the  tul)e,  a  very  small  z 

quantity  of  gas  remaining.     Now,  as  hydrogen  and  oxygen  -i 

gases,  in  a  state  of  admixture,  are  the  only  ones  that  are  :^ 

capable  of  being  inflamed  by  the  electric  spark ;  and  as  there  ik 

is  nothing  in  the  tube,  beside  water,  that  can  afibrd  them  in  £« 

this  experiment,  we  may  safely  infer,  that  the  evolved  hydrogen  ii^ 

and  oxygen  gases  arise  from  decomposed  water. 

2.  An  improved  apparatus,  exhibiting  the  same  experiment^   .. 
with  less  trouble  to  the  operator,  has  been  invented  by  Mr* 
Cuthbertson,  and  is  described  and  figured  in  Dr.  Pearson'^ 
paper  in  the  Philosophical    Transactions  for   1797,   or  in 
Nicholson's  Journal,  vols.  i.  and  li.  4to. 

S.  The  decomposition  of  water  by  galvanic  electricity  i&  a 
process  singularly  adapted  to  demonstrate  the  fact  in  a  simple 
and  elegant  manner.  The  manner  of  conducting  it,  as  vr^l 
as  the  results,  have  been  fully  explained,  in  treating  of  t*^ 
general  principles  of  electro-chemical  science. 

Properties  of  IValer.* 

I.  IVater  coriiains  air. — This  may  be  shown  by  placin^^ 
glass   vessel    of  water  under  the  receiver    of  an  air-pu 
During  the  exhaustion  of  the  receiver,  bubbles  of  air  will 
seen  to  ascend  very  plentifully.     Much  air  escapes  also 
water,  during  boiling,  and  mny   be  collected  by   a  pro 
apparatus.     The  same  fact  may  also  be  exhibited,  by  fillin 
barometer  tube,  about  32  inches  long,   sealed  at  one  e 
with  quicksilver,  except  about  four  inches,  and  the  remaind 
witli  water.     On  inverting  the  open  end  of  the  lube  in  qui 

«  Whcncx-er  in  tlie  course  of  this  work  water  is  mentioned  as  an 
ill  any  chemical  ojKration,  pure  itistilled  water  is  to  be  understood. 
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silver,  bubbles  of  air  will,  in  a  short  time,  rise  from   the 
water. 

The  kind  of  gas,  extricated  from  the  water  of  a  spring  at 
a  considerable  distance  from  the  surface,  I  have  made  the  sub 
ject  of  experiment.*  From  100  cubic  inches  of  the  water, 
or  about  S|  wine  pints,  4.76  cubic  inches  of  gas  were  sepa- 
rated, of  which  3.38  were  carbonic  acid  gas,  and  1.38  air  of 
the  same  standard  as  that  of  the  atmosphere.  It  is  probable, 
however,  that  the  proportion  of  gaseous  contents  differs  in 
the  water  of  different  springs,  for  Mr.  Dalton  states  the 
average  of  his  experiments  to  be  about  2  inches  from  100  of 
water,  and  that  the  air  expelled,  after  losing  5  or  10  per  cent, 
of  carbonic  acid  by  the  action  of  lime-water,  consisted  of  38 
per  cent,  oxygen  and  62  iiitrogen.+ 

Every  gas  is  absorbed  by  water,  which  has  been  deprived 
of  all  or  the  greatest  part  of  its  air  by  long  boiling.  The 
quantity,  however,  which  water  is  capable  of  absorbing,  varies 
considerably  with  respect  to  the  different  gases.  Those  gases, 
of  which  only  a  small  proportion  is  absorbed,  require  violent 
and  long  continued  agitation  in  contact  with  water.  The 
following  table  has  been  drawn  up  by  Mr.  Dalton  from  the 
combined  results  of  his  own  experiments  and  mine. 

Water  absorbs,  at  the  mean  pressure  and  temperature  of 
the  atmosphere. 

Of  carbonic  acid  gas its  own  bulk. 

sulphureted  hydrogen do. 

nitrous  oxide • do. 

olefiant  gas -^. 

oxygen  gas ^V 

nitrous  gas do. 

carbureted  hydrogen do. 

carbonic  oxide Vr* 

azotic  gas • do. 

hydrogen  gas   do. 

The  accuracy  of  these  results  has  been  called  in  question  by 
Saussure,t  who,  from  a  scries  of  experiments  of  bis  own,  has 


•  Philosophical  Transactions,  1 803.  t  New  System,  p.  «7l 

}  Thomsop*8  Annals,  vi.  340. 
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deduced  the  numbers  expressed  in  the  second  colamn  of  the 
following  Table. 

Gases.  100  volumes  of  water         JOO  volumes  of  water 

•  

absorb  (Dallon  and  Henry)        absorb  (Saussure) 

Sulphurcted  hydrogen  ....  100       253 

Carbonic  acid 100 106 

Nitrous  oxide 100        76 

Olefiantgas 12.5     15.3 

Oxygen 3.7     6.5 

Carbonic  oxide 1.56 6.2 

Axotic 1 .56 4.1 

Hydrogen 1 .56 4.6 

Absolutely  pure  water  (not  merely  freed  from  air  by  boil- 
ing) according  to  recent  experiments  of  Mr,  Dalton,  takes  up 
2-J-  per  cent,  of  its  bulk  of  azotic  gas,  and  two  per  cent,  of  hy- 
drogen. In  the  other  gases,  with  the  exception  of  carbonic 
oxitie,  which  he  had  already  in  his  System,  p.  375,  corrected 
to  l-27th  the  bulk  of  the  water,  he  is  disposed  to  abide  by  his 
original  numbers,  and  to  consider  those  of  Saussure  as  much 
greater  than  the  truth.* 

II.  IValcr  is  contained  in  the  air  of  the  atmosphere,  even 
during  the  driest  weather. — Expose  to  the  air,  in  a  shallow 
vessel,  a  little  sub-carbonate  of  potash  or  common  salt  of  tartar. 
In  a  few  days  it  will  have  become  moist,  or  deliqnialed.  On 
the  same  principle,  water  exposal  to  the  air,  in  a  shallow 
vessel,  disappears,  being  dissolved  by  the  atmosphere.  Saus- 
sure states  the  quantity  of  water  in  a  cubic  foot  of  air,  charged 
with  moisture  at  65^  of  Fahrenheit,  to  be  1 1  grains.  The 
quantity  of  water,  that  may  be  extracted  from  100  cubical 
inches  of  air,  at  57°  Fahrenheit,  is  0.35  of  a  grain ;  but,  ac- 
cording to  Clement  and  Desormes,  at  54°  Fahrenheit,  only 
0.236  of  a  grain  can  be  detached  by  exposure  to  muriate  of 
lime.  The  experiments,  both  of  these  chemists  and  of  Mr. 
Dalton,  concur  in  proving  that  at  the  same  temperatare,  equal 
bulks  of  all  the  different  gases  give  up  the  same  quanti^  of  water 
to  deliqiiecoent  salts.   The  portion  of  humidity,  which  they  thus 


^  Thomson*!  ADoab^  vii.  SL5. 
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abandon,  has  been  called  hygrometric  water.  Whether  they 
contain  a  still  farther  quantity  in  a  state  of  more  intimate 
union,  and  not  separable  by  deliquescent  substances,  is  still 
undetermined. 

III.  Several  bodies  absorb  water  from  the  atmosphere, 
which  can  scarcely  be  supposed  to  have  an  affinity  for  it,  and 
again  give  it  up,  on  the  application  of  a  gentle  heat.  Such 
are  almost  all  substances  in  the  state  of  powder;  porous 
paper ;  soils  which  have  been  artificially  dried ;  parched  oat- 
meal; and  even  the  filings  of  metals.  Some  powders  retain 
the  moisture  they  have  absorbed,  till  a  considerable  heat  is 
applied.*  The  nature  of  this  combination  is  not  exactly  un- 
derstood. 

There  are  two  different  theories  of  the  state,  in  which  water 
exists  in  the  atmosphere  and  in  other  gases.  By  most  writers, 
it  has  been  considered  as  united  to  air  by  chemical  affinity; 
and,  when  abstracted  by  other  bodies,  (as  sulphuric  acid,  lime, 
and  the  whole  class  of  deliquescent  salts)  the  effect  has  been 
ascribed  to  the  superior  affinity  of  those  bodies  for  water.  Mr. 
Dalton  first  took  a  different  view  of  the  subject,  viz.  that  the 
vapour  of  water,  mixed  with  air  and  other  gases,  differs  in  no 
respect  from  pure  steam,  and  is  subject  to  the  same  laws.  It 
,  constitutes,  indeed,  in  his  opinion,  a  distinct  and  independent 
atmosphere,  the  elastic  force  of  which  forms,  at  different  tem- 
peratures, different  proportions  of  the  elastic  force  of  the 
whole;  for  example,  at  the  temperature  of  65°  Fahrenheit,  it 
gives  to  air  ^V  ^^  ^^  elasticity.  According  to  this  view,  a 
volume  of  air  or  gas  at  any  temperature,  saturated  with  mois- 
ture, contains  as  much  steam  as  could  exist  at  that  temperature 
in  a  vacuum  of  equal  capacity.  This  theory  appears  to  have 
much  more  probability,  than  that  which  explains  the  pheno* 
mena  by  chemical  affinity ;  and  it  is  supported,  especially,  by 
the  absorption  of  caloric  having  been  ascertained  to  be  of  the 
same  amount  in  spontaneous  as  in  forced  evaporation.  It 
steers  clear,  also,  of  the  inconsistency  attending  the  suppo- 
sition, that  the  vapour,  contained  in  the  atmosphere  at  ordinary 
temperatures,  is  in  a  different  state  from  that  existing' in  a 


*  B^neKufl;-  79  An.  Chitn.  1 18^ 
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Toricellian  vacuum;  and  again,  that  water  below  212^  Fahr. 
is  chemically  combined  with  the  atmosphere,  and  above  212^ 
assumes  a  new  form,  and  becomes  a  distinct  elastic  fluid  called 
steam.  It  is  certainly  much  more  reasonable  to  suppose  that 
water,  whenever  it  exists  as  an  elastic  fluid,  whether  distinct 
from  or  mixed  with  others,  is  maintained  as  such,  by  one  and 
the- same  cause,  viz.  the  caloric  which  enters  into  it;  and  not 
by  chemical  solution  in  any  gas  or  mixture  of  gases. 

It  may  be  asked,  indeed,  why  the  diffusion  of  vapour  in  the 
atmosphere  is  not  instantaneous  as  it  is  in  vacuo  ?  This  ap- 
pears to  be  owing  to  the  vis  ineriice  of  the  particles  of  air, 
and  the  resistance  is  probably  similar  to  that  which  a  stream 
of  water  meets  in  descending  through  a  bed  of  pebbles. 
The  evaporation  of  water,  we  find,  is  accelerated  either  by 
raising  its  temperature;  by  increasing  its  surface;  or  by 
causing  a  current  of  air  to  pass  over  it  In  the  first  case,  the 
force  of  tlie  vapour,  or  its  power  of  overcoming  obstacles,  is 
increased  ;  and  the  quantity  of  water  evaporated  in  a  given 
time  bears,  as  Mr.  Dalton  found,  a  proportion  to  the  force 
of  vapour  of  the  same  temperature:  Thus  the  forces  of  vapour 
at  212^  180%  16*°,  152%  144.°,  and  138°  are  equal  to  30, 15, 
10,  7-^  6,  and  5  inches  of  mercury  respectively,  and  the 
grains  of  water  evaporated  per  minute  in  those  temperatures 
were  30,  15,  10^  7,  6,  and  5  also,  or  numbers  proportional  to 
these.  The  evaporation  from  a  vessel  containing  water  at 
212°  in  a  still  atmosphere,  Mr.  Dalton  found,  was  increased 
one  half  by  a  current,  and  a  still  stronger  current,  he  thinks 
it  probable,  would  have  doubled  it.  In  this  case,  the  removal 
of  a  mechanical  obstacle  conspires  with  the  force  of  the  va- 
pour ;  and  as  steam  rises  only  from  the  surface  of  water,  it  is 
obvious  that  increase  of  surface  must  quicken  evaporation  by 
augmenting  the  quantity  of  vapour  of  a  given  force.  Another 
circumstance,  influencing  the  rate  of  evaporation,  is  the  force 
of  the  vapour  actually  existing  in  the  atmosphere  at  the  time, 
for  the  less  this  force,  or  in  other  words  the  less  the  quantity 
of  vapour  in  the  air,  the  more  rapid  is  the  evaporation  from 
a  given  surface  of  water,  of  a  given  temperature.  Hence  an 
increase  of  temperature  in  the  air  quickens  evaporation  by 
enabling  the  atmosphere  to  hold  steam  of  greater  force ;  and 
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bj  a  current  of  heated  air,  we  apply  two  causes  conjointlyt 
both  of  which  tend  to  quicken  evnporatioq. 

The  method  of  finding  the  force  of  vapoiur  in  the  atmo. 
sphere;^  employed  by  Mr.  Dalton,  is  extremely  simple  and  ele. 
gaut.  A  glass  jar,  or  a  common  tumbler  (the  thinner  the 
l^ss  the  better)  may  be  filled  with  cold  spring  water  fresh 
from  tlie  welL  If  dew  be  immediately  formed  on  the  outside^ 
the  water  is  poured  out  and  allowed  to  stand  awhile  to  in* 
crease  in  heat ;  the  glass  is  then  well  dried  with  a  linen  cloth^ 
and  the  water  poured  in  again.  This  operation  is  continued 
till  dew  censes  to  be  formed,  and  then  the  temperature  of  the 
water  is  to  be  observed,  and  opposite  to  it  in  the  Table  (see 
the  Appendix)  will  be  ibund  the  force  of  vapour  in  the  atmo- 
sphere. This  must  be  done  either  in  the  air  or  at  an  opea 
window;  because  the  air  within  is  generally  more  humid  tlian 
that  without.  Spring  water  in  this  country  is  commonly  about 
50^  Fahr.,  and  will  mostly  answer  the  purpose  during  the 
three  hottest  months  of  the  year :  in  other  seasons,  artificial 
cold,  produced  by  dissolving  a  little  of  any  fit  neutral  salt  ia 
the  water,  is  required. 

In  the  torrid  zone,  the  aqueous  atmosphere  is  equal  to  a 
pressure  of  six  tenths  of  an  inch  of  mercury,  and  increases 
even  to  one  inch.  In  this  climate,  Mr.  Dalton  has  observed 
it  above  half  an  inch  in  summer ;  but  in  winter  it  is  some- 
times so  low  as  one  tenth,  or  even  half  a  tenth ;  and  at  the 
same  place,  and  during  the  same  season,  it  is  constantly  varying 
with  the  temperature  of  the  air.  It  is  easy  then  to  see,  at  any 
time,  what  proportion  it  constitutes  of  the  whole  weight  of  the 
atmosphere  by  taking  the  diw  point ;  observing  die  barometer 
at  Uie  time  when  the  experiment  is  made ;  and  referring  to 
Mr.  Dalton's  Table  of  the  Force  of  Vapour. 

Besides  this  method  of  determining  the  degree  of  moisture 
of  the  air  by  ascertaining  the  dew  pointy  a  variety  of  in- 
atruments  have  been  also  contrived  for  the  same  purpose* 
They  are  called  Hygrometers^  and  consist,  for  the  most  pai*t^ 
of  some  substance,  such  as  a  human  hair  or  a  fine  slip  of 
whalebone,  which  is  elongated  by  a  moist  atmosphere,  and 
shortened  by  a  dry  one.  The  extreme  points  are  attained  by 
placing  it,  first  in  air  artificially  dried,  and  then  in  air  ren* 

you  u  s 
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dered  as  humid  as  possible.  The  degree  of  expansion  or  con- 
traction is  rendered  more  sensible  by  connecting  it  with  an^ 
axis,  which  moves  a  circular  index,  like  the  finger  of  a  clock. 
Mr.  Leslie,  by  a  slight  modification  of  his  diiferential  ther- 
mometer, makes  it  serve  the  purpose  of  an  hygrometer;  for  if 
one  of  the  balls  be  covered  with  silk,  and  then  moistened  with 
water,  the  rate  of  evaporation  will  be  shown  by  the  degree  of 
cold  produced,  as  indicated  by  the  descent  of  the  liquid  in  the 
opposite  leg  of  the  instrument.  The  drier  the  air,  the  quicker 
will  be  the  evaporation,  and  the  greater  the  efiect  in  moving 
the  liquid  within  the  instrument. 

IV.  Water  enters  into  combination  with  variotis  solid  bodies^ 
and  entirely  loses  its  fluid  form.  In  many  instances,  it  unites 
in  a  definite  proportion ;  and  it  is  retained  by  so  powerful 
an  affinity,  as  not  to  be  separated  by  a  very  high  temperature. 
Such  compounds  are  termed  bydralesy  or,,  as  Gay  Lussac 
has  proposed,  hydroxures.*  The  pure  alkalies,  potash,  and 
soda,  retain,  for  example,  even  after  fusion,  about  -f  their 
weight  of  water,  which  can  only  be  separated  by  some  body 
having  a  stronger  affinity  for  the  alkali.  In  all  hydrates,  at 
least  one  atom  of  water  must  be  present,  or  it  must  be  contained 
in  them  in  such  quantity,  as  to  bear  the  proportion  of  9  at  least 
to  the  weight  of  the  atom  or  atoms  with  which  it  is  united. 
If,  for  example,  the  weight  of  the  atom  of  potash  be  48,  we 
cannot  have  a  true  binary  compound  of  water  and  potash, 
in  which  the  former  bears  to  the  latter  a  less  proportion  than 
that  of  9  to  4-8.  And  If,  in  any  instance,  water  is  obtained  from 
a  compound  in  a  proportion  less  than  that  of  the  weight  of  the 
atom  of  water,  to  the  weight  of  the  atom  or.atoms  of  the  body 
with  which  it  is  associated,  we  may  take  for  granted  that  it 
is  held  mechanically  and  accidentally,  and  not  as  a  true 
chemical  constituent.  Such  appears  to  be  the  nature  of  the 
union  of  water  with  certain  neutral  salts  (common  salt  and 
sulphate  of  potash  for  example)  which  contain  only  1  or  2  per 
cent  of  their  weight  of  water. 

V.  IVater  dissolves  a  great  variety  of  solid  bodies. — The  sub- 
stances, on  which  it  exerts  this  effect,  are  said  to  be  soluble  in 
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water ;  and  there  are  various  degrees  of  solubility.    See  chap. 
i.  and  the  table  in  the  Appendix. 

VI.  During  the  solution  of  bodies  in  water^  a  change  of  tem^^ 
perature  ensues. — In  most  instances,  an  absorption  of  caloric 
(in  other  words,  a  production  of  cold)  is  attendant  on  solution, 
as  in  the  examples  given  in  the  chapter  on  caloric.  But,  in 
other  cases,  caloric  is  evolved,  or  heat  is  produced.  Thus, 
common  salt  of  tartar,  during  solution  in  water,  raises  the 
temperature  of  its  solvent ;  and  caustic  potash,  in  a  state  of 
dryness,  does  the  same  still  more  remarkably.  But  carbonated 
and  pure  potash,  when  crystallized,  observe  the  usual  law,  and 
absorb  caloric  during  solution.  Now  as  their  difference,  in 
the  crystallized  and  uncrystallized  state,  depends  chiefly  on 
their  containing  in  the  former,  but  not  in  the  latter,  water 
chemically  combined,  we  may  infer,  that  the  cold,  produced 
during  the  solution  of  salts,  is  occasioned  by  the  conversion  of 
the  water,  which  exists  in  these  bodies,  from  a  solid  to  a  liquid 
form.  Some  doubt,  it  must  be  acknowledged,  is  thrown  on 
this  conclusion  by  the  observation  of  Gay  Lussac,  that  a 
saturated  solution  of  nitrate  of  ammonia,  when  mixed  with 
water  of  the  same  temperature,  is  cooled  8  or  9  degrees.* 

VII.  During  the  solution  of  salts  in  waier^  a  quantity  of  air 
is  disengaged, — This  air  was  partly  contained  mechanically  in 
the  salt,  and  partly  in  the  water.  That  it  does  not  arise 
entirely  from  the  former  source,  is  proved  by  varying  the 
experiment  in  the  following  manner.  Let  an  ounce  or  two 
of  sulphate  of  soda  be  put  into  a  vial,  and  on  this  let  as 
much  water  be  poured  as  will  completely  fill  the  bottle. 
The  air  contained  in  the  pores  of  the  salt  will  be  thus 
disengaged;  but  only  a  small  portion  of  the  salt  will  be 
dissolved.  Let  the  vial  be  shaken,  and  the  whole  of  the  salt 
will  disappear ;  a  fresh  portion  of  air  being  liberated  during 
its  solution. 

VIII.  During  the  solution  of  bodies,  the  bulk  of  water  changes, 
—Take  a  glass  globe,  furnished  with  a  long  narrow  neck 
(commonly  termed  a  matrass,  see  fig.  4),  and  put  into  it  an 
ounce  or  two  of  sulphate  of  soda.     Then,  add  as  much  water 
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•  ts  wiW  fill  -tbe  globe,  nncl  about  three  4ths  of  tlie  neck.  This 
should  be  clone  with  as  little  agitation  as  possible,  in  ocder 
that  the  salt  may  not  dissolve,  till  required.  Mark,  by  tying 
a  little  thi-ead,  or  by  a  scratch  with  a  file,  the  line  where  tbe 
water  stands;  and  then  agitate  the  matrass.  The  salt  will 
dissolve ;  air  will  be  set  at  liberty  ;  and,  during  the  solution, 
the  water  will  sink  considerably  below  its  level.  The  con- 
traction of  bulk  is  owing  to  the  diminution  of  temperature; 
and,  when  the  Vvatjcr  has  regained  its  former  temperature,  it 
will  be  found  that  its  bulk  is  increased  by  the  addition  of  the 
salt.  The  late  Bishop  Watson  observed,  that  water  exhibits 
a  manifest  augmentation  of  bulk,  by  dissolving  only  the  two 
thousandth  part  of  its  weight  of  salt;  a  fact  sufficiently  de- 
cisive against  that  theory,  which  supposes  pores  in  water 
capable  of  receiving  saline  bodies  without  an  augmentation  of 
volume. 

IX.  Water  appears  /o  have  its  solvent  power  increased^  hy 
diminishw^  the  pressure  of  i>/w  atmosphere. — Into  a  Florence 
flask,  put  half  a  pound  of  sulphate  of  soda;  pour  on  it  barely 
a  pint  of  water,  and  apply  heat  so  as  to  boil  the  water.  The 
whole  of  the  scdt  will  be  dissolved.     Boil  the  solution  for 

'  several  minutes  pretty  strongly,  so  as  to  drive  out  tbe  air; 
and  cork  the  bottle  lightly,  immediately  on  its  removal  from 
the  fire.  To  prevent  more  completely  the  admission  of  air, 
tie  the  cork  over  with  bladder.  As  the  vessel  cools,  an  im- 
perfect viicuum  will  l)c  formed  over  the  solution ;  for  the 
steam,  which  arises  during  ihe  ebullition,  expels  the  air,  and 
takes  Its  place.  The  steam  is  condensed  again,  when  the 
vessel  cools.  The  solution,  wiien  perfectly  cold,  may  be 
shaken  witliout  any  efiect  ensuing,  so  long  as  the  vessel  is 
kept  closely  stopped ;  but,  on  removing  the  cork  and  shaking 
the  vessel,  the  solution  will  immediately  congeal,  and  heat 
will  be  produced.  This  experiment,  besides  the  principle 
which  it  is  peculiarly  intendeil  to  illustrate,  exemplifies  also 
the  general  rule  already  laid  down,  that  caloric  is  always 
evolved,  during  the  transition  of  bodies  from  a  fluid  to  a  solid 
state ;  and  it  furnishes  a  fact  exactly  the  reverse  of  that  in 
which  cold  is  produced,  or  caloric  absorbed,  during  the  solution 
of  salts.     It  is  proper,  however,  to  remark  that  the  observa- 
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lions  of  Dr.  Coxe,  of  Philadelphia,*  have  thrown  some  doubt 
over  the  caase  of  these  phenomena,  which  appears  to  require 
farther  investigation.  From  his  experiments,  the  exclusion 
of  air  does  not  seem  to  be  absolutely  necessary;  for  saline  so- 
lutions continued  fluid,  if  perfcxjtly  at  rest,  thougii  freely  ex- 
posed to  the  atmosphere,  but  immediately  became  solid  when 
shaken.*  The  efficacy  of  mechanical  disturbance  in  pro- 
moting saline  crystallization,  under  circumstances  where  it 
has  been  ascribed  to  the  renewed  contact  of  air  with  the 
surface  of  the  solution,  is  illustrated  also  by  some  experiments 
of  Dr.  Ure.+ 

X.  It  is  unnecessary  to  add  any  thing  to  what  has  been 
already  said  in  a  former  section,  inspecting  the  combination 
of  caloric  with  water  constituting  steam ;  or  to  the  histoiy  of 
the  phenomena  attending  its  convei'sion  into  ice ;  except  that, 
during  the  latter  change,  its  bulk  is  enlarged  in  the  propor- 
tion of  nine  to  eight,  and  that,  in  consequence  of  this  expan- 
sion, water,  during  congelation,  is  capable  of  bursting  the 
strongest  iron  vessels,  and  becomes  specifically  lighter.. 
Hence,  ice  swims  always  on  the  surfiice  of  the  water. 

It  is  remarkable,  that  this  enlargement  of  the  bulk  of  water 
begins,  long  before  its  temperature  has  descended  to  the  freez- 
ing point,  viz,  at  about  4-0®  Fahrenheit.  Let  a  thermometer 
bulb,  and  part  of  its  tube,  having  a  wide  bore,  be  filled  with 
water  tinged  with  a  little  litmus,  which  may  be  introduced 
by  the  same  means  as  those  already  directed  for  filling  with 
quicksilver.  Immerse  the  bulb  in  water  of  the  temper- 
ature of  40°;  and,  when  the  included  water  may  be  supposed 
to  have  attained  the  same  degree  of  heat,  remove  the  instrument 
successively  into  water  of  the  temperature  of  S6®  and  S2®.  At 
each  immersion,  the  water  will  rise  in  the  tube.  Bring  its 
temperature  again  to  4^°,  and  it  will  descend  to  the  same 
point  as  before.  Place  it  in  water  of  50^,  and  it  will  again  be 
expanded.  Precisely  similar  effects,  therefore,  appear  to  result^ 
in  these  experiments,  from  two  opposite  causes ;  fiyr  the  bulk 
of  water  is  alike  increased  by  reducing  or  raising  its  tempera- 
ture.    The  point,  at  which  water  is  of  the  greatest  density, 
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was  fixed  by  De  Luc  at  41°  Fahr.;  by  Sir  C.  Blagden  and  Mr. 
Gilpin  at  39° ;  and  by  Dr.  Hope  and  Count  Rumford,  some- 
where between  39°  and  40°.  It  is  contended,  however,  by  Mr. 
Dalton,  that,  in  the  apparent  expansion  by  a  lower  tempera- 
ture, there  is  a  deception,  arising  from  the  contraction  of  the 
glass,  which  must  lessen  the  capacity  of  the  bulb,  and  force  the 
water  up  the  stem.  He  apprehends,  therefore,  that  the  point 
of  greatest  density  has  been  fixed  too  high  by  Count  Rum- 
ford,  Dr.  Hope,  and  other  philosophers,  and  that  it  is  in 
reality  36°  of  Fahrenheit,  or  4°  above  the  freezing  point. 
M.  Biot infers  also  that  the  true  maximum  of  density  is  at 
S8.16  of  Fahr.» 

Deutoxide  or  Peroxide  of  Hydrogen. 

Only  one  compound  of  hydrogen  and  oxygen,  namely 
water,  was  known  until,  in  July  1818,  M.  Thenard  discoveredy 
that  by  a  process  somewhat  difficult  and  complicated,  an  ad- 
ditional dose  of  oxygen  may  be  communicated  to  that  fluid; 
and  a  compound  obtained,  which  is  possessed  of  a  new  and 
very  remarkable  train  of  properties. 

To  obtain  this  product,  it  is  necessary  to  employ  a  sub- 
stance, the  nature  and  preparation  of  which  will  be  described 
in  the  section  on  barium^  viz,  the  peroxide  of  that  metal.     This 
compound,  when  acted  upon  by  liquid  hydro-chlorio  (muriatic) 
acid,  abandons  part  of  its  oxygen,  and  is  reduced  to  the  state  of 
protoxide  (baryta),  which  unites  with  the  muriatic  acid,  while 
the  oxygen  unites  with  the  water.    Sulphuric  acid,  added  to  the 
compound  fluid,  carries  down  the  barytes,  and  sets  muriatic 
acid  at  liberty,  which  is  ready  to  act  upon  a  fresh  quantity  of 
the  peroxide  of  barium.     This  operation  may  be  several  times 
repeated,  and  at  each  repetition  the  water  becomes  charged 
with  an  additional  quantity  of  oxygen.     When  the  process 
has  been  carried  far  enough,  sulphate  of  silver  is  added,  to 
precipitate  the  free  muriatic  acid,  which  it  replaces  by  a  quan- 
tity of  Free  sulphuric  acid;  but  the  latter  is  easily  separated  by 
adding  a  dmae  proportion  of  barytes.    This  is  a  general  outline 
<rf'theprocrcss,  to  insure  the  perfect  success  of  which  seems  to 
^ii/re  mfi^Tiy  precautions,  and  especially  the  greatest  attenticm 
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to  the  purity  of  the  peroxide  of  barium.  Very  minute  iii-^ 
structions  for  the  preparation  of  this  oxygenated  water  are 
{fiven  by  its  discoverer,  M.  Thenard ;  but  they  would  occupy 
too  much  room  here^  and  I  refer  therefore  for  a  detail  of  them 
to  his  Memoir  on  the  subject.* 

The  peroxide  of  hydrogen  is  liquid  and  colourless  like  water* 
It  has  scarcely  any  smell,  but  when  applied  to  the  tongue 
whitens  it,  tliickens  the  saliva,  and  produces  a  taste  like  that 
of  some  strong  metallic  solutions.  It  attacks  the  skin  with 
^reat  rapidity,  bleaches  it,  and  occasions  a  smarting,  the  dura* 
tion  of  which  differs  in  different  persons,  and  in  the  same  per* 
son  according  to  the  quantity  applied.  Its  specific  gravity  is 
1 .452,  and  when  poured  into  water  it  descends  through  it  like 
syrup,  though  easily  dissolved  by  agitation.  Its  tendenc;^  to 
the  vaporous  form  is  much  less  than  that  of  water,  and  hence^ 
^'hen  very  dilute,  it  may  be  concentrated  by  exposing  it  under 
the  receiver  of  an  air-pump,  along  with  any  strongly  deliques- 
cent substance.  If  continued  long  in  this  situation,  however^ 
it  at  length  disappears.  In  its  most  concentrated  form,  it  has 
not  been  congealed  by  any  degree  of  artificial  cold  yet  applied 
to  it. 

When  once  prepared,  it  is  necessary  to  keep  it  surrounded 
by  ice,  for  a  temperature  of  58®  Fahr.  is  sufficient  to  decom- 
pose it,  and  to  liberate  oxygen  gas  in  great  abundance.  The 
action  of  heat  varies  with  its  degree  of  concentration.  Seven 
or  eight  grains  of  the  sp.  gr.  1.452  arc  sufficient  to  occasion  a 
violent  explosion  ;  and  therefore  to  obtain  safely  the  whole  of 
its  excess  of  oxygen  above  that  constituting  water,  it  is  neces* 
sary,  before  applying  heat,  to  dilute  it  with  about  20  parts  by 
weight  of  water.  By  experiments  of  this  kind,  carefully  made^ 
M.  Thenard  ascertained  that,  admitting  water  to  be  composed 
of  11.71  hydrogen  and  88.29  oxygen,  this  new  compound  con- 
teins  exactly  double  that  quantity  of  oxygen,  or  11.71  hydro- 
gen, and  176.58  oxygen,  or 

Hydrogen 1 

Oxygen • ••••••••  16 

If  water  then  be  a  compound  of  one  atom  of  hydrogen  and 

•  Ann.  de  Chim.  et  Phjs.  Tiii,  ix.;  Ann.  of  Philos.  xiii,  «iv,  xv;  mod 
Qnarterlj  Journ.  yi.  150,  379.  viii.  114, 151. 
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• 

one  of  oxygen,  the  peroxide  must  consist  of  one  atom  rf 
liydrogen  and  two  of  oxygen,  and  its  representative  nmnber 
(hydrogen  being  unity)  will  be  17,  or  oxygen  being  10  it  wfll 

be  21.250. 

Liffht  does  not  exert  any  speedy  operation  on  the  peroxide 
cFhydrogen.  Of  the  metals,  tin,  iron,  antimony,  and  tellurium, 
bring  it  back  rapidly  to  the  state  of  water.  Some  metals,  as 
silver,  platina,  gold,  &c.,  when  finely  divided  and  added  to  it, 
liberate  its  oxygen  without  themselves  undergoing  any  change, 
in  away  which  is  not  easily  explained.  Others  (arsenic,  molyb- 
dena,  tungsten,  potassium,  sodium,  &c.)  liberate  one  part  of  the 
oxygen  and  absorb  the  rest.  Acids  render  it  a  more  stable 
compound.  For  example,  when  to  diluted  peroxide  of  hydrogen, 
effervescing  from  the  application  of  an  increased  temperature 
we  add  phosphoric,  sulphuric,  muriatic,  arsenic,  acetic,  tar- 
taric, citric,  or  oxalic  acid,  the  discharge  of  gas  is  suspended. 
Carbonic  and  boracic  acids  do  not  produce  this  eflfect,  on  ac- 
count probably  of  their  feeble  powers  as  acids.  Sulphurous 
and  hydriodic  acids,  and  sulphurcted  hydrogen,  decompose 
&e  peroxide,  and  possess  themselves  of  its  oxygen. 

The  following  substances,  when  added  to  the  concentrated 
peroxide,  occasion  explosions  of  greater  or  less  violence; 
oxide  of  silver,  peroxide  of  lead,  peroxide  of  manganese  arti- 
ficially prepared,  osmium,  silver,  and  platina,  the  two  last  in 
Ihe  finest  state  of  division  in  which  they  can  be  obtained  by 
chemical  precipitation. 

Art.  2. — Hydrogen  with  Chlorine, — Ht/dro- Chloric  or    AIu- 

rialic  Acid, 

Chlorine  and  hydrogen  gases  act  with  considerable  energy 
upon  each  other,  and  with  diflfcrent  phenomena  accordin^y 
as  the  experiment  is  conducted. 

1.  If  a  phial  be  entirely  filled  with  a  mixture  of  hydrqgeo 
and  chlorine  gases  in  equal  proportions,  and  a  well  ground 
Stopper  be  introdaced ;  no  action  takes  place,  provided  light 
li  KKCfttAiy   and   completely    excltided,    even   by    6tanding 

w^  liioej  but  on  applying  a  lighted  taper,  the  gases  ininie- 
If  explode* 
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2.  Let  ajar,  fig.  22.  a,  guarded  from  the  light,  behalf  filled 
wkh  chlorine  gas  and  half  with  hydrogen,  and  a  stout  vessel 
capable  of  holding  4  or  6  cubical  inches,  and  provided  with 
a  fit  contrivance  for  passing  an  electric  spitrk  through  it> 
(see  page  24i>)  be  first  exhausted  by  the  air-pump,  and  then 
screwed  upon  a,  and  filled  with  the  mixed  gases.  An  electric 
wpark  may  now  be  passed  through  the  mixture,  v/h&i  a  deto- 
nation iviii  ensue^  to  avoid  any  injury  from  which  the  vessel 
diould  be  wrapped  in  sevei^al  folds  of  cloth.  If  the  cock,  at- 
tached to  the  ressel,  be  opened  under  mercury  in  about  a 
quarter  of  an  hour,  none  of  that  fluid  will  enter,  proving  that 
the  volume  of  gas  after  the  ex^ierimcnt  is  not  diminished ;  but 
if  it  be  removed  to  a  vessel  of  water,  and  left  there  for  a  few 
minutes,  the  water  will  be  found  to  have  ascended  and  entirely 
filled  the  vessel.  Hence  a  gas  must  have  been  generated  by 
the  combustion,  which,  though  not  absorbable  by  mercury^  is 
oondensible  by  water. 

3.  Let  a  stout  and  well  stoppered  vial,  capable  of  holding 
three  or  four  ounce  measures,  be  filled  over  water  with  equal 
volumes  of  chlorine  and  hydrogen  gases^  and  a  ground 
stopper  introduced.  Expose  it  to  the  ordinary  day-light, 
guarding  it  from  the  direct  rays  of  die  sun,  and  in  12  or  14? 
hours  the  colour  of  the  chlorine  will  have  disappeared ;  and  on 
withdrawing  the  stopper  under  water,  the  vial  will  be  immo- 
diateiy  filled  with  that  fluid. 

4.  If  the  experiment  be  repeated,  with  this  difierence  that 
the  pliial  is  exposed  to  the  direct  rays  of  the  sun,  the  cofobi- 
nation  will  take  place  rapidly,  and  a  detonation  will  ensue, 
which  will  probably  drive  out  the  stopper.  But  if  this  should 
not  happen,  the  stopper  may  be  removed  under  water,  which 
wHl  ascend  and  completely  fill  the  liottle  as  in  experiment  3. 

This  effect  of  solar  light,  in  promoting  the  action  of  chlorine 
and  hydrogen  gases  on  each  other,  was  discovered  by  Gay 
Lsssac,  and,  without  any  knowledge  of  his  experiments,  about 
the  same  period  by  Mr.  Dalton.  The  agency  of  light  may  be 
beautifully  shewn  by  filling  a  tube  about  half  an  inch  diameter, 
juid  12  inches  long,  with  tiie  mixed  gases,  and  alternately  shad- 
ing  it  with  an  opake  cover,  and  exposing  it  to  the  sun's  rays* 
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The  moment  the  tube  is  exposed  even  to  the  diffused  light  of 
day, a  cloudiness  will  appear  within  it,  and  the  water  will  ascend 
more  or  less  rapidly  according  to  the  intensity  of  the  light 
The  effect  even  of  a  passing  cloud  is  distinctly  seen  in  retard- 
ing the  rapidity  of  the  combination,  which  is  very  striking  in 
the  full  solar  light.  Blue  light,  it  has  been  observed  by 
ISeebeck,*  is  more  effectual  than  red ;  but  neither  occasions 
the  rapid  union  which  is  excited  by  the  direct  rays  of  the  sun. 
It  is  probable  that  in  this  case,  the  combination  is  favoured  by 
increase  of  temperature,  for  it  has  been  observed  by  Sir  H. 
Davy  that  a  mixture  of  chlorine  and  hydrogen  inflames  at  a 
-much  lower  temperature  than  one  of  oxygen  and  hydrogen 
gases,  and  produces  a  more  considerable  degree  of  heat  in 
•combustion.  He  ascertained,  also,  that  the  former  mixture 
%vili  bear  a  much  greater  rarefaction  than  the  latter,  without 
iosing  its  explosive  property.  Oxygen  and  hydrogen  gases 
ceased  to  explode  when  rarified  18  times,  but  chlorine  and 
liydrogen  were  still  combustible,  when  mechanically  expanded 
to  24  times  their  volume. 

5.  It  had  been  supposed  that  the  direct  beams  of  the  sun 
^ere  necessary  to  explode  a  mixture  of  chlorine  and  hydrogen 
gases ;  but  Professor  Silliman,  in  the  American  Journal  of 
tScience  (iii.  342)  has  related  the  accidental  explosion  of  a  mix- 
ture of  the  gases,  in  the  quantity  that  filled  a  Florence  oil 
flask,  not  only  when  no  direct  solar  light  fell  upon  it,  but  when 
the  diffuse  light  of  day  was  rendered  more  feeble  than  com- 
mon by  a  thick  snow  storm.  This  fact  is  important,  as  fiir- 
tiishing  a  caution  against  mixing  the  two  gases  in  considerable 
-quantities. 

6.  Mr.  Brande  found  (Phil.  Trans.  1820)  that  the  intense 
light,  issuing  from  charcoal  points  connected  with  a  powerful 
^Ivanic  battery,  was  as  effectual  as  solar  light  in  acting  on  hy- 
drogen and  chlorine  gases,  and  causing  them  to  detonate ;  but 
lie  could  not  produce  an  analogous  effect  by  any  other  terres- 
^ial  light.  The  moon's  rays,  also,  he  found  to  be  quite  inef- 
£cient  on  a  mixture  of  these  two  gases. 


*  Z\  Nicbolsoa't  Jour.  p.  5lto. 
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Muriatic  or  Hydrochloric  Acid  Gas. 

When  one  Tolnme  of  hydrogen  gas  has  been  made  to  com- 
bine, either  silently  or  explosively,  with  one  volume  of  chlo- 
rine^  the  product  is  two  volumes  of  a  new  gas,  difTering  essen- 
tially from  either  of  its  components,  and  especially  in  being 
instantly  absorbed  by  water.  To  preserve  it,  therefore,  in  a 
gaseous  state,  it  is  necessary  to  confine  it  by  quicksilver. 

As  the  elements  of  the  new  gas  unite  without  condensation, 
its  specific  gravity  will  necessarily  be  the  mean  between  those 
of  its  components,  which,  taking  hydrogen  at  0.0688,   and 
dilorine  at  2.500,  is  1.284'1',  a  number  almost  exactly  agreeing 
with  the  experimental  result  of  Dr.  Thomson,  btit  exceeding 
chat  of  Biot  and  Arago.     On  this  occasion,  as  on  others,  there 
is  perhaps  reason  to  believe  that  we  are  not  in  possession  of 
the  true  relative  weights  of  the  gases.     But  admitting  the  re- 
lative weights  of  hydrogen  and  chlorine  under  equal  volumes 
to  be  as  1  to  36,  and  that  hydrochloric  acid  gas  is  constituted 
of  an  atom  of  each,  the  compound  atom  will  be  equivalent  to  37* 
To  obtain  hydrochloric  acid  gas  in  sufficient  quantity  for 
the  exhibition  of  its  properties,   the  direct  combination  of 
dilorine  and  hydrogen  gases  is  not  an  eligible  process.     It 
may  be  procured  much  more  conveniently  in  the  following 
manner.     Let  the  tubulated  gas  bottle  (plate  ii.  fig.  17)  be 
ttbout  one-fourth,  or  one- third,  filled  with  well  dried  muriate 
of  soda  (common  salt)  in  lumps,  not  in  powder.    To  this  adapt 
the  acid-holder,  filled  with  concentrated  sulphuric  acid ;  and 
let  the  aperture  of  the  bent  pipe  terminate  under  a  jar  filled 
'fith,  and  inverted  in,  quicksilver.     Open  the  communication 
between  the  acid  and  the  salt,  by  turning  the  cock ;  and  imme- 
diately on  the  contact  of  these  two  bodies,  an  immense  quan* 
^ity  of  muriatic  acid  gas  will  be  disengaged.    A  common  or 
tubulated  gas  bottle,  or  tubulated  retort,  will  answer  sufficient- 
ly well  for  procuring  the  gas.     The  first  portions,  that  come 
^er,  may  be  allowed  to  escape  under  a  chimney ;  because  they 
^  contaminated  by  the  admixture  of  common  air  present  in 
^e  bottle.    The  subsequent  portions  may  be  preserved  for 
^ ;  and  the  pure  gas  will  exhibit  the  following  qualities : 


258  OF   SIMPLE  ACIDIFIABLB   BODIES*        CHAP.    TU« 

(a)  It  has  a  very  pungent  smell ;  and  is  sufficiently  caustic 
to  blister  the  skin,  when  applied  to  it  for  some  time. 

{b)  When  brought  into  contact  with  common  air,  it  occa- 
sioDS  a  white  cloud.  This  is  owing  to  its  union  with  aqueous 
vapour,  which  is  always  present  in  the  atmosphere. 

(c)  It  extinguishes  n  lighted  candle.  Before  the  flame  goes 
out,  the  upper  part  of  it  assumes  a  greenish  hue,  the  cause  of 
which  has  not  yet  been  explained.  A  white  vapour  also  sur- 
rounds the  extinguished  wick,  owing  to  the  combination  of 
water,  produced  by  the  combustion  of  the  candle,  with  the  mu- 
riatic acid  gas. 

{d)  It  is  heavier  than  common  air.  Gay  Lussac  slates  its 
specific  gravity  at  1.278,  and  Iience  100  cubic  inches  weigh,  aa 
nearly  as  possible,  39  grains;  according  to  Sir  H.  Davy  be* 
tween  39  and  40,  or  to  Mr.  Bi*ande  38.8.  Biot  and  Arago 
make  its  specific  gravity,  by  experiment,  1.2474,  or,  by  calcu- 
lation 1.2505.  Dr.  Thomson  finds  it,  by  experiment,  1.28436; 
fay  calculation,  1.28472. 

{e)  When  a  succession  of  electrical  discharges  is  passed 
through  muriatic  acid  gas  in  contact  only  with  glass,  by  means 
of  an  apparatus  which  I  have  described  in  the  Phil.  Trans. 
for  1812,  the  gas  is  ])artly  resolved  into  its  elements,  and  after 
taking  out  the  undccomposed  muriatic  acid  gas  by  a  few  drops 
of  water,  we  find  a  residuum  of  chlorine  and  hydrogen  gases, 
in  quantity  never  exceeding  ^  the  bulk  of  the  original  gas. 
When  the  disengaged  gases  rise  above  this  proportion,  they 
re-combine  and  form  muriatic  acid  again.  If  the  ex|X'nnicnt 
be  made  over  mercury,  the  presence  of  chlorine  is  rendered 
evident  by  its  effect  on  the  surface  of  that  fluid. 

{J)  When  a  mixture  of  oxygen  and  muriatic  acid  gases  is 
dther  electrified,  or  transmitted  through  a  red  hot  {H>rcelaiii 
tube,  the  oxygen  unites  with  the  hydrogen  of  the  acid,  and  the 
chlorine  of  the  latter  is  set  at  liberty. 

(g)  Muriatic  acid  gas  effects  the  liquefaction  of  a  piece  of 
ice,  almost  as  rapidly  as  it  would  be  melted  by  a  red-hot  iron. 

(A)  It  is  very  rapidly  absorbed  by  water.  A  drop  or  two 
of  water,  admitted  to  a  large  jar  full  of  this  gas,  causes  the 
whole  of  it  instantly  to  disappear.  According  to  Mr.  Kir* 
wan,  an  oenoe-ineasurc  troy  of  water  absorbs  800  cubical 
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inches  (/•  e.  421  times  its  bulk)  of  muriatic  acid  gas ;  and  the 
water,  by  this  absorption,  is  increased  about  one^third  its  ort* 
ginal  voiome.  Sir  H.  Davy  (Elements,  p.  252)  found  that  at 
40°  Fahr.  water  absorbs  about  480  times  its  bulk  of  muriatic 
acid  gas,  and  forms  a  solution  of  specific  gravity  1.2109.  One 
bnndred  grains  of  this  acid,  decomposed  by  nitrate  of  silver, 
indicated  40.S  of  acid  gas  to  have  been  condensed  in  it.  Ber* 
thollet  has  shown  that  100  grains  of  water  absorb  12.467 
grains  (=  about32  cubic  inches)  of  muriatic  acid  gas,  deprived 
of  all  redundant  water  by  passing  it  through  a  tube  surround- 
ed by  a  freezing  mixture.  By  this  absorption,  he  obtained 
an  acid  of  the  specific  gravity  1061.4;  and  hence  it  follows 
that  acid  of  this  density  contains,  in  100  grains,  only  8.55  of 
real  acid. 

It  is  in  this  state  of  watery  combination  that  muriatic  acid 
is  kept  for  chemical  purposes,  and  nil  the  processes  for  pre-> 
paring  the  liquid  acid  have  for  their  object  the  disengagement 
of  muriatic  acid  gas,  and  its  absorption  by  water.  Tliis  may 
be  effected  in  the  following  manner. 

Process  for  preparing  Liquid  Hydrochloric  or  Muriatic  Acid. 

Into  a  tubulated  retort,  placed  in  a  sand-bath,  put  eight  parts 
of  dried  chloride  of  sodium  (common  salt);  and,  to  the  tubulure, 
lute  the  bent  tube  (fig.  26,  a,)  with  fat  lute.  To  the  neck  of  the 
retort,  afiix  a  tubulated  receiver  (fig.  30,  b)  by  means  of  the  same 
late;  and  to  the  aperture  of  this  adapt  a  tube,  twice  bent  at 
right  angles,  and  furnished  with  Welter's  contrivance  for  pre- 
venting absorption  (fig.  31,  &),  the  longer  leg  of  which  termi- 
nates beneath  the  surface  of  water  contained  in  a  two-necked 
bottle.  From  the  other  neck,  let  a  second  right-angled  pipe 
proceed ;  and  this  may  terminate  in  a  similar  manner,  in  a 
second  bottle  containing  water;  the  total  quantity  of  which, 
in  all  the  bottles,  may  be  about  five  parts.  Let  the  junctures 
be  all  carefully  luted ;  and,  when  they  are  sufficiently  hardened, 
pour  very  gradually,  through  the  bent  tube,  five  and  a  half 
parts  by  weight  of  strong  sulphuric  acid,  making  the  addi- 
tions at  several  distant  intervals.  On  each  affusion  of  the  add, 
.a  large  quantity  of  muriatic  add  gas  will  be  liberated,,  and 
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will  be  absorbed  by  the  water  of  the  first  bottle,  till  this  has 
become  saturated.     It  will  then  pass  on  to  the  second  bottle^ 
and  be  there  condensed.   The  water  employed  may  amount  to 
half  the  weight  of  the  salt,  and  may  be  equally  distributed 
between  the  two  bottles.     These  it  is  better  to  surround  with 
cold  water,  or,  still  preferably,  with  ice  or  snow;  because  the 
condensation  of  the  gas  evolves  considerable  beat,  which  pre- 
vents the  water  from  attaining  its  full  impregnation.     Wh»i 
the  whole  of  the  sulphuric  acid  has  been  added,  and  the  gas 
no  longer  issues,  let  a  fire  be  lighted  in  the  furnace,  beneath 
the  sand-bath,  removing  the  bent  tube  cr,  and  substituting  a 
well-ground  glass  stopper.     This  will  renew  the  production  of 
gas ;  and  the  temperature  must  be  preserved,  as  long  as  gas 
continues  to  be  evolved.     At  this  period  it  is  necessary  to  keep 
the  luting,  which  connects  the  retort  and  receiver,  perfectly 
cool;  otherwise  it  will  be  apt  to  melt.     To  this  juncture,  in- 
deed, I  prefer  the  application  of  the  clay  and  sand  lute;  but 
to  apply  this  properly  requires  a  little  practice.     Towards  the 
close  of  the  process,  a  dark-coloured  liquid  is  condensed  ia. 
the  first  receiver,  consisting  of  a  mixture  of  sulphuric  and  rau-^ 
riatic  acids.     When  nothing  more  comes  over,  the  operatioti 
maybe  suspended,  and  the  liquid  in  the  two  receivers  must  be 
preserved  in  bottles  with  ground  stoppers.  It  consists  of  liquid 
muriatic  or  hydro-chloric  acid. 

The  liquid  muriatic  acid  may  also  be  obtained  by  diluting 
the  sulphuric  acid  with  the  water  necessary  for  the  condensa- 
tion of  the  gas,  and  adding  the  dilute  acid,  when  cold,  to  tl*^ 
salt  in  the  retort.     To  the  retort,  an  adopter  may  be  unicc^ 
with  the  clay  and  sand  lute  ;  and  this  may  terminate  in  a  lai"^ 
tubulated  receiver,  from  the  aperture  of  which  a  right-ang"!^ 
Welter's  tube  is  conveyed  beneath  a  few  ounces  of  water,  c^::^^' 
tained  in  a  two-necked  bottle.     A  fire  must  then  be  ligh^^ 
under  the  sand-bnth,  and  continued  as  long  as  any  liqa-^^^ 
comes  over.     The  adopter  and  receiver  must  be  kept  cool,     ^J 
the  constant  application  of  moistened  cloths. 

The  proportions,  directed  by  the  London  College  of  Plr^JT 
sicians,  in  their  Pharmacopceia  of  1809,  are  those  reco^*** 
mended  by  Vauquelin,  viz.  four  parts  of  dried  salt,  three  ^ 
sulphuric  acid,  and  three  of  water,  of  which  last  one-third    ^ 
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» be  employed  in  dilating  the  acid,  and  two-thirds  to  be  put 
ito  the  receiYer.  Mr.  K.  Phillips  had  stated,  that  the  water  and 
cid  are  in  unnecessary  excess ;  and  that  the  most  economical 
roportions  are  32  parts  of  salt,  and  21.9  (say  22)  of  sulphuric 
dd  of  density  1.850,  which  may  be  diluted  with  one-third  its 
reight  of  water,  the  remaining  two-thirds  being  placed,  as 
leCore,  in  the  receiver.*  He  has  since,  however,  found  rea- 
lm to  acquiesce  in  the  greater  economy  of  the  proportions  of 
Jhc  Edinburgh  Pharmacopoeia,  which  directs  equal  weights 
of  common  salt  and  sulphuric  acid;  for  when  no  more  sul- 
phuric acid  is  used  than  the  scale  of  equivalents  requhes,  about 
one-sixth  of  the  common  salt  escapes  decomposition. 

If  the  muriatic  acid,  thus  obtained,  should  contain  sulphuric 
idd,  which  may  be  discovered  by  muriate  of  barytes  occa- 
voning  a  white  precipitate,  the  acid  is  to  be  re-distilled 
from  a  fresh  portion  of  common  salt.  When  prepared  by 
I  Woulfe's  apparatus,  the  product  in  the  second  bottle  is  always 
pofectly  pure. 

The  acid,  formed  by  the  process  of  the  College,  has  the 
specific  gravity  only  of  about  1.14f2;  that  of  commerce  is 
generally  about  1.156;  but  by  Woulfe's  apparatus,  and  espe- 
^ly  when  the  bottles  are  surrounded  by  ice  or  snow,  it  ap- 
proaches 1.500.  A  fluid  ounce  of  the  specific  gravity  1.142 
Solves  204  grains  of  marble ;  and  the  same  quantity  of  sp» 
P»  1.174  decomposes  240  grains.  The  intermediate  degree 
^specific  gravity,  however,  which  has  been  mentioned  (viz^ 
1*156  or  thereabouts),  is  best  adapted  for  keeping;  for  the 
tenser  acid  emits  a  lai^^e  quantity  of  fumes,  which  are  ex- 
^enaely  inconvenient,  besides  being  injurious  to  all  metallic 
instrumeuts. 

The  caput  mortuum  consists  of  sulphate  of  soda  with  some 
^odecomposed  muriate  of  soda.  The  former  may  be  obtained,, 
in  a  crystallized  form,  by  first  driving  off,  by  a  strong  heat^ 
^6  excess  of  sulphuric  acid  that  adheres  to  it ;  and  then  dis- 
*^lviiig  it  in  hot  water.  The  product  of  sulphate  of  soda  ex- 
^8  that  of  the  muriate  employed,  in  the  proportion  of  about 
^ht  to  five. 


*  On  the  London  Phannacop.  p.  10. 
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Liquid  muriatic  acid  has  the  following  properties : 

1.  It  emits  white  suffi)cating  fumes.  These  consist  ofmu* 
riatic  acid  gas,  which  becomes  visible  by  contact  with  the 
moisture  of  the  air. 

2.  When  heated  in  a  retort,  or  gas  bottle,  muriatic  acid 
gas  is  disengaged,  and  may  be  collected  over  mercury* 

S.  Liquid  muriatic  acid  is  not  decomposed  by  the  contact 
of  charcoal,  essential  oils,  or  other  combustible  bodies. 

4«.  When  diluted  with  water,  an  elevation  of  temperature  is 
produced,  much  less  remarkable,  however,  than  that  occ»* 
sioned  by  diluting  sulphuric  acid;  and  when  the  mixture  has 
cooled  to  its  former  temperature,  a  diminution  of  volume  is 
found  to  have  ensued.  The  capacity  of  the  diluted  acid  for 
heat,  Dr.  Ure  has  found  to  be  less  than  the  mean  capacity  of 
the  strong  acid  and  of  water,  which  sufficiently  accounts  for 
the  increased  temperature.* 

5.  In  a  perfectly  pure  state  liquid  muriatic  acid  is  quite 
colourless ;  but  it  has  frequently  a  yellowish  hue.  This  may 
proceed,  either  from  a  portion  of  chlorine,  or  of  muriate  of 
iron,  but  most  commonly  of  the  latter.  This  colour  is  in- 
stantly destroyed  by  a  few  drops  of  muriate  of  tin ;  but  this 
addition,  instead  of  diminishing,  obviously  increases  the  im* 
purity  of  the  acid. 

6.  Muriatic  acid  combines  readily  with  alkalies,  and  with 
most  of  the  earths,  both  in  their  pure  and  carbonated  states^ 

7.  Liquid  muriatic  acid  is  specifically  heavier  than  water. 
The  correspondence  between  its  specific  gravity,  and  the 
quantity  of  real  acid,  which  it  contains,  is  shown  by  the  fol- 
lowing Table,  given  by  Sir  H.  Davy  in  his  Elements  of  Che- 
mical Philosophy.  It  is  constructed  from  experiments  made 
with  great  care  by  Mr.  E.  Davy  in  the  Laboratory  of  the 
Royal  Institution. 


Thomson's  Annals,  x.  373. 
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Table  showing  the  Quantity  of  real  Acid  in  Liquid  Muriatic 
Acid  of  different  Specijic  Gravities.  {Temp.  45®  Fahr. 
Barom.  SO.) 


Specific 

100  Grains  contain  of 

Specific 

100  Grains  contain  of 

Gravity. 

Muriatic  Acid  Gas. 

Gravity. 

Muriatic  Acid  Gas. 

1.21 

42.43 

1.10 

20.20 

1.5fO 

40.80 

1.09 

18.18 

1.19 

38.38 

1.08 

16.16 

1.18 

36.36 

1.07 

14.14 

1.17 

34.34 

1.06 

12.12 

1.16 

32.32 

1.05 

10.10 

1.15 

30.30 

1.04 

8.08 

l.U 

28.28 

1.03 

6.06 

l.iS 

26.26 

1.02 

4.04 

1.12 

24.24 

1.01 

2.02 

1.11 

22.3 

The  proportion  of  dry  or  real  muriatic  acid,  in  liquid  acid 
of  different  densities,  has  also  been  investigated  by  Dr.  Ure, 
who  has  ascertained  that  acid  of  density  1.1 92  contains  in  100 
parts  by  weight  28.3  of  real  muriatic  acid;  and  has  given 
some  general  formulae  for  deducing  the  proportion  of  real 
acidy  in  liquid  acid  of  various  specific  gravities.*  Of  these, 
the  most  useful  is  the  following  rule  for  finding  the  quantity 
of  real  acid  in  liquid  acid  of  any  given  density.  Multiply 
the  decimal  part  of  the  number  denoting  the  specific  gravity 
by  147,  the  product  will  be  very  nearly  the  per  centage  of  dry 
acid,  or  by  197  when  we  want  to  know  the  per  centage  of  the 
acid  gas. 

Examples.  1.  ITie  specific  gravity  being  1.141 ;  required 
the  proportion  of  dry  acid  in  100  parts. 

0.141   X  147  =  20.72.     By  the  Table  it  is  20.66. 

2.  The  specific  gravity  being  1.960,  required  the  quantity 
of  acid  gas. 

0.960  X  197  =  18.9.     By  the  Table  it  is  18.8. 

The  first  rule  shows  directly  the  increase  of  weight,  which 
any  alkaline  or  earthy  base  will  acquire  by  combining  with  the 
liquid  acid.     Thus  if  we  unite  100  grs.  of  liquid  acid  of  sp. 


VOL.  I. 


*  Thomson's  Annals,  x.  ^69. 
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gjf.  M34  wUh  lime,  the  base  will  on  evaporaUoq  to  dryMss 
be  fpund  to  have  gained  16.7  grains. 

The  Table,  deduced  from  Dr.  Ure's  experiments,  may  be 
found  in  the  Appendix  at  the  end  of  vol.  ii.  As  it  does  not 
includ^  acid  of  greater  specific  gravity  than  1.1990^  if  we  wish 
to  find  tb,e  r^^al  acid  in  a  liquid  of  greater  density,  it  may  be 
diluted  with  a  knonm  quantity  of  water,  till  brought  within  the 
range  of  the  table. 

8.  When  liquid  muriatic  acid  is  brouglit  into  contact  with 
any  substance  containing  oxygen  in  a  state  of  loose  combina- 
tion, the  hydrogen  of  the  acid  unites  with  the  oxygen  and 
forms  water,  while  the  chlorine  is  liberated  in  a  gaseous  state. 
It  is  in  this  way  that  chlorine  is  procured  for  the  purposes  of 
chemistry  and  the  arts ;  but  instead  of  liquid  muriatic  acid  it 
is  usual  to  substitute  materials  capable  of  furnishing  the  acid 
gas  {viz.  common  salt,  sulphuric  acid,  and  oxide  of  manganese) 
as  already  described  in  the  chapter  on  chlorine. 

On  the  Theories  which  have  prevailed  respecting  Chlorine  and 

Muriatic  Acid. 

Hiere  are  few  subjects,  respecting  which  the  opinions  of 
chemists  have  undergone  such  frequent  changes,  as  concern- 
ing the  nature  of  dilorine  and  of  muriatic  acid.  The  view 
originally  taken  by  Scheelc,  the  illustrious  disc(\verer  of  the 
former  substance,  was,  that  the  muriatic  acid  is  compounded 
of  a  certain  base  and  an  imaginary  principle  called  pAZo^is/on; 
and  that  by  the  action  of  certain  bodies,  it  becomes  dephlo- 
gisticateJy  or  deprived  of  that  supposed  principle  of  in- 
flammability.* It  w'as  afterwards  found,  however,  that  all 
bodies,  which  are  capable  of  producing  tliis  change  in  mu- 
riatic acid,  contain  oxygen,  and  that  their  proportion  of  oxy- 
gen is  diminished  by  the  process.  It  appeared,  therefore,  to 
be  an  obvious  conclusion,  that  what  takes  place  in  the  action 
of  metallic  oxides  on  muriatic  acid  is  simply  the  transforence 
of  oxygen  from  the  oxide  to  the  muriatic  acid ;  and  con- 
formably with  this  theory,  the  resulting  gas  received  the  name 
of  oxygenated  muriatic^  or  oxymuriatic  acid.  Sir  H.  Davy  was 
led,  by  his  earlier  experiments,  !o  modify,  in  some  degree 

*  On  Manganese,  §  xiiii.  xiiv. 
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this  view  of  the  llieoiy  of  the  procesij  aiid  to  toonsidcr  the 
muriatic  acid  bs  b  compouiit]  of  a  certain  basis  with  water,  and 
the  oxyinuri«tlc  as  a  compound  of  the  same  basis  with  oxygen. 
This  modification  whs  rendered  necessary  by  the  fncl,  that 
when  a  metallic  oxide  is  heated  in  muriatic  acid  gas,  oxymu- 
riatic  acid  is  obtained,  and  water  appeals  in  a  separate  slate. 
It  was  evident,  therefore,  that  muriatic  acid  gas  must  eitlier 
contain  water  ready  formed;  or  the  elements  of  water;  or 
hydrogen,  capable  of  composing  water  with  the  oxygen  of  the 
oxide.  But,  at  n  subsequent  period,  that  distinguished 
philosopher  wai  induced,  by  the  experiments  of  Gay  Lussnc 
and  Thenard,  as  well  as  by  his  own  researches,  lo  form  a  dif- 
ferent theory  on  die  subject.  Oxymurlatic  acid  lie  now  con- 
siders as  a  simple  or  undecompouuded  substance;  and  mu- 
riatic acid  as  a  compound  of  that  simple  substance  with  hy- 
drogen. To  convert  the  muriatic  acid  into  chlorine,  we  have 
only,  according  to  this  vieW)  to  abstract  hydrogen  from  the 
muriatic  acid;  and  this,  it  is  beheved,  is  all  that  is  effected  by 
the  action  of  those  oxides,  which  are  adapted  to  the  purpose. 
Again,  to  convert  chlorine  into  muriatic  acid,  we  have  only 
to  supply  it  with  hydrogen  ;  and  accordingly  the  simple  mix- 
ture  of  one  measure  of  each  of  those  gases,  when  exposed  for 
a  short  time  to  the  sun's  rays,  or  exploded  by  an  electric  ^ark, 
affords  two  measures  of  muriatic  acid  gas. 

The  oxymuriatic  acid  or  chlorine  (as  Sir  H.  Davy  proposes 
to  e^  it,  in  order  to  avoid  all  connection  of  its  name  with 
hypothetical  views)  is  supposed,  also,  to  unite  at  once  with  Iha 
metals,  without  requiring,  like  the  sulphuric,  nitric,  and  other 
adds,  that  the  ntctals  should  first  be  in  the  state  of  oxides.  In 
proof  of  this  theory,  it  appears  lo  be  sufficiently  cstahlishod, 
that  no  oxygen  can  be  obtained  either  alone,  or  in  combina* 
tioD  with  combustible  bodies  added  for  the  purpose,  from  tha 
compounds  of  chlorine  and  metals.  The  analyses,  liowcyer, 
of  the  metallic  muriates,  as  llicy  were  formerly  considered,  re* 
main  unimpeached  by  this  change  of  theory.  All  that  is  ne> 
emaary,  to  transmute  in  idea  a  muriate  into  a  compound  of 
chlorine,  is  to  deduct  the  oxygen  from  the  metallic  oxide; 
and,  adding  it  to  the  muriatic  acid,  to  consider  the  sum  as 
chlorine.  For  example,  muriate  of  soda,  deprived  of  all 
water,  coniiiits, 

T  2 
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On  the  old  theory,  of  muriatic  acid 46 

Soda  composed  of . . . .  {g^^  ;  ']^[l}  54 

100. 

On  the  new  theory,  chloride  of  sodium  consists  of 

Sodium 40.5 

Chlorine,  46  +  13.5  = 59.5 

100. 
On  the  discarded  theory  of  oxymuriatic  acid,  that  supposed 
compound  was  stated  to  be  constituted  of 

Oxygen 22.65    ....  100   ....29.28 

Muriatic  acid   ..  77.35    ....  341.5  ...100. 


100.  441.5         129.28 

According  to  this  view,  the  atom  of  muriatic  acid,  hydrogen 
being  unity,  and  oxygen  8,  would  be  nearly  28  ;  and  this  +  8, 
(1  atom  of  oxygen)  would  give  36  for  the  atom  of  oxymuri- 
atic acid.  The  latter  number,  indeed,  still  represents  the 
atom  of  chlorine,  as  deduced  from  the  fact  that  it  unites  with 
an  equal  volume  of  hydrogen  gas,  and  is  36  times  Ipecifically 
heavier  than  that  inflammable  gas. 

It  is  remarkable  that  there  is  hardly  any  fact,  connected 
with  the  chemical  history  of  chlorine  and  muriatic  acid,  that 
does  not  admit  of  l>eing  equally  well  explained  upon  the  hy- 
pothesis that  chlorine  is  a  com|K>und,  as  upon  that  of  its  being 
a  simple  substance.  On  the  whole,  however,  the  weight  of 
evidence  certainly  appears  to  be  very  much  in  favour  of  the 
new,  or  rather  the  revived  opuiiou  of  its  elementary  nature, 
especially  since  the  discovery  of  iodine;  and  I  have  little 
scruple,  therefore,  in  adopting  it,  as  aflbrding  the  most  simple 
and  satisfactory  explanation  of  phenomena,  as  well  as  the  best 
groundwork  for  a  perspicuous  arrangement  of  the  objects  of 
chemistry.  Still,  however,  it  must  be  allowed,  that  there  are 
objections  against  its  implicit  acceptation,  which  this  ia  not 
the  proper  place  for  stating  at  length.*     I  shall  only  observe, 

*  The  rtadcr  who  wishes  m  examine  fully  the  etidence  for  both  opi- 
■uonsy  is  nsferred  to  the  cootroversj  betwceo  Drs.  Murray  and  J.  Diij 
h\  the  34th  voIium  of  Nkhohoo's  Jounui ;  to  Sir  U.  Dmj's  paper  ia  the 
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that  not  the  least  important  of  these  objections  is^  the  instan- 
taneous conversion,  which  the  theory  of  chlorine  supposes,  of 
the  metallic  combinations  of  that  body,  called  chlorides^  into 
Boriates,  when  the  former  are  dissolved  in  water,  the  oxygen 
of  which  is  imagined  to  pass,  in  a  moment,  to  the  metal,  while 
the  hydrogen  is  attracted  by  the  chlorine.     In  the  present 
itaie  of  the  inquiry,  indeed,  wc  stand  in  need  of  some  fact, 
which  will  admit  of  explanation  only  on  one  of  the  opposed 

theories ;  and  which  shall  serve  the  purpose  of  an  exptri* 

mtnlwn  crucis. 

Art,  3. — Hydrogen  with  Iodine. 

The  affinity  of  iodine  for  hydrogen  is  verystrong,  and  it 
ibsorbs  that  basis  from  hydrogen  gns,  and  detaches  it  from 
Knral  of  its  combinations,  affording,  as  the  result,  a  distinct 
nd  well  characterized  acid. 

If  iodine  be  heated  in  dry  hydrogen  gas,  an  expansion  of 
lofaime  takes  place;  an  acid  gas  is  formed,  which  is  very  ab- 
nfaable  by  water,  and  acts  so  much  on  mercury  that  it  canno 
^preserved  long  over  that  metal.  A  similar  gaseous  compound 
iirormed,  by  exposing  iodine  to  sulphuretcd  hydrogen  gas. 
But  the  acid  gas  is  best  prepared,  in  quantity,  by  the  action 
of  moistened  iodine  and  phosphorus  on  each  other,  the  phos- 
pboms  being  in  excess,  and  the  mixture  distilled  in  a  retort, 
llie  gas  may  be  received  into  a  vessel  filled  with  common  air, 
which  it  expels  by  its  superior  gravity.  Gay  Lussac  recom- 
nends,  instead  of  a  retort,  a  small  bent  tube,  which,  after 
putting  the  iodine  into  it,  is  to  be  inverted  over  mercury;  the 
ur,  which  it  contains,  is  to  be  expelled  by  a  glass  rod,  that 
almost  fills  its  capacity ;  and  the  phosphorus  is  to  be  brought 
into  contact  with  the  iodine,  by  introducing  it  through  the 
mercury.  As  soon  as  the  contact  takes  place,  the  acid  gas  is 
disengaged,  and  may  be  collected  by  putting  the  o}>en  end  of 
the  tube  under  a  glass  jar  standing  inverted  in  mercury. 

No  sooner  does  the  gas  come  into  contact  with  mercury, 
tluui  it  begins  to  be  decomposed ;  and  if  the  contact  be  pro- 

Pbil.  Trans,  for  1818,  p.  iGp ;  to  the  8th  Tolume  of  Trans,  of  the  Royal 
Society  of  Etiinburgh;  the  Annals  of  Philosophy,  xii.  3799  ""'^  xi.ti.  ?6, 
SaS;  and  to  a  paper  by  Mr.  R.  Phillips,  in  the  new  series  of  that  work, 
ToL  i.  p.  21 9  oil  the  action  of  chloridef  oa  water. 
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longed  a  iluiScieni  time)  or  agitatioil  be  as^,  the  dlKOmpI* 
ftition  M  complete*  The  iodine  unites  whh  the  mercaiy ;  Mid 
Ihefe  tettmHtn  bydrogeti  gas,  in  Yolume  exactly  one  half  that 
of  the  aeid  gas.  It  is  decomposed,  in  a  similar  manner^  bjr  all 
roetals)  ^cept  gold  and  platinum. 

The  acid  gas  is  colourless,  its  taste  is  very  soor^  and  Hi 
smell  resembles  tbat  of  muriatic  acid  gas.  Its  specific  gratitjr 
was  fomid  by  experiment  to  be  4.449 ;  by  calculation  it  should 
have  been  44428.  Compared  with  hydrogen  its  specific  gra* 
vity  is  62.5  to  1.    100  cubic  inches  weigh  133.6  grains. 

The  acid  gas  is  rapidly  decomposed  by  being  heated  in 
contact  with  oxygen  gas,  which  detaches  the  hydrogen. 
Chlorine  also  instantly  deprires  it  of  hydrogen,  and  prodeces 
muriatic  acid  gas;  and  the  iodine  re^appears  in  the  form  of  a 
beautiful  YuAeX  vapour.  When  mixed  with  proto-phosphu* 
reted  hydrogen,  both  gases  ai*e  condensed  into  white  cubical 
crystals^  which  are  volatilized  at  a  moderate  heat  without  fusion 
or  decomposition.*  It  is  composed,  by  weight,  accorduig  to 
Gay  Ldssac,  of  100  iodine  and  0.849  hydrogen;  but,  correct* 
ing  the  specific  gravity  of  hydrogen  gas  to  0.0694^  its  true 
composition  will  be,  by  weight. 

Hydrogen .  •  •  w ••....•..  ^      1 

Iodine . .  • « •  < . .  • « • 193 

Weight  of  its  atom    126 

For  this  compound  Sir  H.  Davy  proposed  the  name  of 
hydro-ionic  acid,  and  Gay  Lussac  that  of  hydriodic  acid.  1 
prefer  the  latter,  because  it  is  easier,  by  varying  its  termiria-> 
tion,  to  express  its  combinations  with  alkaline  and  other 
bases. 

Hydriodic  Acid  Ga^  h  plentifully  absorbed  by  water;  the 
solution  is  fumitig,  and  has  the  density  of  l.t.  To  prepare 
this  liquid  in  quantity,  Gay  Lussac  recommends  to  put  pow- 
dered iodine  into  water,  and  to  pass  sulphureted  hydrogen 
gas  through  the  mixture.  The  hydrogen  unites  with  the 
iddine,  and  the  sutphur  is  precipitated.  The  liquid  may  be 
concentrated  by  evaporation.  Till  it  attains  the  temperature 
of  257^9  water  only  distils;  above  this  point,  the  acid  itself  is 


-' — "^  .  -   .  ■  ■       ■- 


*  6  Ann.  de  Chim.  et  Phys.  305. 
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▼okiiliaeds  and  remains  stationary  at  262^^^  its  density  being 
tbenliT. 

The  liquid  acid  is  slowly  decomposed  by  contact  with  air, 
its  hydrogen  being  attracted  by  the  oxygen  of  the  atmosphere, 
and  a  portion  of  iodine  liberated,  which  gives  the  liquor  a 
colour^  <xf  intensity  proportionate  to  the  quantity  of  free 
iodine.  Concentrated  sulphuric  acid^  nitric  acid,  and  chlo- 
rine, decompose  it,  and  separate  iodine.  With  solutions  of 
lead^  it  glfea  a  fine  orange  precipitate ;  with  solution  of  per- 
oxide of  mercury,  a  red  one;  and  with  silver,  a  white  preci- 
pitate^ insoluble  in  ammonia. 

When  submitted  to  Galvanic  electricity,  the  liquid  hydrio- 
die  acid  b  rapidly  decomposed ;  iodine  appears  at  the  positive, 
and  hydrogen  at  the  negative  pole.  It  dissolves  zinc  and 
inmi  with  a  disengagement  of  hydrogen  gas,  which  proceeds 
from  the  water.  It  has  no  action  on  mercury,  though  the  gas 
so  powerfully  affects  that  metal.  It  is  decomposed  by  those 
csides,  which  hold  their  oxygen  loosely,  and  combines  with 
the  rest,  forming  a  genus  of  neutral  salts,  called  hydriodaies. 

In  general,  the  hydriodates  are  readily  soluble  in  water. 
Those  of  potash  and  barytes  are  not  decomposed  by  heat, 
except  oxygen  is  in  contact  with  them ;  the  salt  with  base  of 
lime  is  wholly,  and  that  with  base  of  magnesia  partially,  do- 
composed  at  high  temperatures. 

Art.  4. — Hydrogen  witk  Fluorine. — Of  Hydro-fluoric  acid. 

Though  it  has  not  yet  been  demonstrated  that  hydrogen  is 
the  acidifying  principle  of  this  acid,  yet  there  appears  every 
reason  to  believe  that  in  the  same  manner  as  hydro>chloric 
acid  is  constituted  of  chlorine  united  with  hydrogen,  this  acid 
also  consists  of  a  peculiar  base  belonging,  like  chlorine,  to 
the  electro-negative  class  of  bodies,  and  rendered  acid  by 
combination  with  hydrogen.  To  this  basis,  though  not  yet 
exhibited  in  a  separate  state,  the  name  of  fluorine  has  been 
given,  and  the  acid  has  been  termed  hydro-fluoric. 

Hydro-fluoric  acid  may  be  obtained  in  a  liquid  state  by 
dutilling  powdered  fluor  spar,  (a  mineral  found  abundantly  in 
Derbyshire,}  with  twice  its  weight  of  strong  sulphuric  acid. 
A  leaden  retort  and  receiver  must  be  used ;  to  the  first  a  mo« 
4erate  bent  must  be  applied,  and  the  receiver  must  be  sur* 
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rounded  by  pounded  ice  or  snow.  An  ingenious  apparatus 
for  this  purpose  is  described  and  represented  by  Mr.  Knight^ 
in  the  17th  vol.  of  the  Philosophical  Magazine. 

When  the  liquid  acid  is  obtained, .  it  must  be  preserved'in 
leaden  or  silver  bottles  with  air-tight  stoppers  of  the  same  me- 
terial.  Its  volatility,  however,  is  such  that  it  is  difficolt  to 
confine  it.  Its  specific  gravity  was  found  by  Sir  H.  Davy 
to  be  1.0609,  but  it  is  increased  by  the  gradual  additions  of 
water  to  1.25,  a  property  observed  in  no  other  liquid.  When 
suddenly  mixed  with  water,  it  becomes  very  hot  and  enten 
into  ebullition.  It  emits  very  penetrating  and  noxious  vik 
pours,  and  acts  strongly  on  glass,  destroying  the  polish  of  in 
surface,  and  corroding  it  deeply.  Hence  it  has  been  used 
for  etching  on  glass.  When  applied  to  the  skin  it  raisei 
painful  pustules,  or  if  in  sufficient  quantity  occasions  deep  and 
dangerous  ulcers. 

When  brought  into  contact  with  potassium,  a  violent  de* 
tonation  ensues,  and  hydrogen  gas  is  disengaged,  a  solid  white 
substance  being  at  the  same  time  formed.  This  substance  is 
probably  a  compound  of  potassium  and  fluorine,  or  b  fluoride 
of  potassium.  Common  fluor  spar  is  believed  to  be  b  fluoride 
ofcalctumy  and  the  number  deduced  from  the  composition  of 
that  substance,  as  representing  the  atom  of  fluorine,  is  16,  to 
which  adding  an  atom  of  hydrogen,  wc  obtain  17  for  the 
atom  of  hydro-fluoric  acid. 

By  combination  with  silica,  and  also  with  boracic  acid, 
hydro-fluoric  acid  becomes  capable  of  forming  a  permanent 
gas,  which  property  does  not  belong  to  it  in  a  pure  state* 
These  compounds  will  be  described  under  the  respective  heads 
of  silica  and  of  boracic  acid. 

Charcoal  does  not  combine  with  iodine. 


SECTION  II. 

Of  Nitrogen  or  Awte. 

Aftbr  separating,  from  any  quantity  of  atmospherical  air, 
ail  the  oxygen  which  it  contains,  there  remains  a  gas  which 
was  called  by  Lavoisier  erxo/tc  gas^  a  name  applied  to  it  in  con- 
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Kqneooe  of  its  unfitness  for  supporting  animal  life :  and  dc- 
iived  fnun  the  Greek  privative  a  and  (w#  vita.  This,  however, 
as  being  merely  a  negative  property,  has  since  been  deemed 
n  hnproper  fonndaUon  for  its  nomenclature :  and  the  term 
viTBOGXN  gas  has  been  substituted;  because  one  of  the  most 
■iiportant  properties  of  its  base  is,  that  by  union  with  oxygen 
k  composes  nitric  acid*  By  this  appellation,  therefore,  I  shall 
kreifter  distinguish  it. 

I.  Nitrogen  gas  may  be  procured,  though  not  absolutely 

fve^  yet  sufficiently  so  for  the  purpose  of  exhibiting  its  gene- 

nl  properties,  in  any  of  the  following  manners :  1.  Mix  equal 

^weights  of  iron  filings  and  sulphur  into  a  paste  with  water, 

place  the  mixture,  in  a  proper  vessel,  over  water,  sup- 

plotted  on  a  stand :  then  invert  over  it  a  jar  full  of  common 

■r,  and  allow  this  to  stand  exposed  to  the  mixture  for  a  day 

•rtwo.    The  air  contained  in  the  jar  will  gradually  diminish, 

will  appear  from  the  ascent  of  the  water  within  the  jar,  till 

It  list  only  about  four  5ths  of  its  original  bulk  will  remain. 

The  vessel  containing  the  iron  and  sulphur  must  next  be  re^ 

■tnred,  by  withdrawing  it  through  the  water;  and  the  remain- 

iigair  may  be  made  the  subject  of  experiment* 

S.  A  quicker  process,  for  procuring  nitrogen  gas,  consists 
is  filling  a  bottle,  about  one  4th,  with  the  solution  of  nitrous 
ps  in  liquid  sulphate  of  iron,  or  with  liquid  sulphuret  of 
lime^  and  agitating  it  with  the  air  which  fills  the  rest  of  the 
bottle.  During  the  agitation  the  thumb  must  be  firmly  placed 
over  the  mouth  of  the  bottle ;  and,  when  removed,  the  mouth 
of  the  bottle  must  be  immersed  in  a  cup  full  of  the  same  solu- 
tion, which  will  supply  the  place  of  the  absorbed  air.  The 
agitation,  and  admission  of  fluid,  must  be  renewed,  alternately, 
as  long  as  any  absorption  takes  place. 

S.  Atmospheric  air,  also,  in  which  phosphorus  has  burned 
out,  aflbrds,  when  time  has  been  allowed  for  the  condensation 
of  the  phosphoric  acid,  tolerably  pure  nitrogen  gas. 

4-.  Azotic  gas  may  be  procured  from  the  lean  part  of  flesh 
meat  (beef  for  example),  which  may  be  put  into  a  gas  bottle, 
along  with  very  dilute  nitric  acid.  By  a  heat  of  about  100% 
the  gas  is  disengaged,  and  may  be  collected  over  water.  Its 
source  has  been  satisfactorily  traced  to  the  animal  substance 
no  part  of  it  proceeding  from  the  nitric  acid. 
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5.  It  may  be  cAitftiiied  by  the  action  of  cbloritie  on  anmo- 
nia,  in  a  manner  which  will  be  afterwards  described  in  speib- 
ingof  that  alkali. 

IL  Nitrogen  gas  has  the  following  pro|:terties : 

1.  It  is  not  absorbed  by  water. 

2.  It  is  a  little  lighter  than  atmospheric  tnr,  100  cubie  inehes 
being  found  by  Sir  H.  Davy  to  weigh  30.04  grains  vnder  a 
pressure  of  30  inches,  and  at  the  temperatare  of  B5^  Fahrai- 
belt.  At  60^  Fahrenheit  100  inches  weigh,  therefore,  29.7S 
grains*  According  to  Biot  and  Arago,  its  specific  grayky  ■ 
0*96913.  Dr.  Thomson  makes  it  0.9722;  and  BcArzelios  and 
Dulong  0.9760. 

9.  It  immediately  entingnishes  a  lighted  candle,  and  all 
other  bufning  substances.  Even  phosphorus,  in  a  stale  of 
active  inflammation,  is  instantly  extinguished  when  immersed 
in  nitrogen  gas.  This  is  best  shown  by  placing  the  burning 
phosphorus  in  a  tin  cup,  raised  by  a  stand  over  the  surftoe  of 
the  water,  and  quickly  inverting  over  it  a  jar  filled  with  nitro- 
gen gas. 

4.  It  is  fatal  to  animals  that  are  confined  in  it. 

5.  When  mixed  with  pure  oxygen  gas,  in  the  proportion 
of  four  parts  to  one  of  the  latter,  it  composes  a  mixture  re- 
sembling atmospheric  air  in  all  its  properties.  Of  this  any 
one  may  be  satisfied,  by  mixing  four  parts  of  azotic  gas  with 
one  of  oxygen  gas,  and  immersing,  in  the  mixture,  a  lighted 
taper.    The  taper  will  bum  as  in  atmospherical  air. 

Composition  of  Nitrogen. 

That  nitrogen  is  not  an  elemelit,  but  itself  a  compoufid,  has 
been  long  suspected,  and  various  attempts  have  been  made  to 
discover  its  ingredients.  Berzelius,  from  (he  combination  of 
experiment  with  much  theoretical  reasoning,  has  deduced,  that  . 
nitrogen  is  compounded  of  oxygen  and  an  unknown  base,  in 
the  following  proportions  :* 

Base ....  41^.32 79.64 100.00 

Oxygen  . .  55.68 100       125.51 

m^^^^^^^mm^m^  ViH^H^^^^^H^  ^m^m^m^mam^m^^tm 

100  179.64  225.51 

"■  ■  - 


*  9  Thomson's  Anoab,  t84. 
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Tbb  buci  it  miist  be  (Amerredi  however,  ii  purely  hypd- 
Mod;  Mdf  as  it  has  never  yet  been  exhibited  in  a  separate 
ttB|  we  cannot  at  present  know  any  thing  of  its  properties. 
[Inefios  has  proposed  for  it  the  name  of  nitrkum. 
IVe  experiments  of  Sir  H.  Davy/  directed  to  the  dtoim- 
■Uon  of  nitrogen,  on  the  presumption  of  its  being  an  oxide, 
he  Bol  been  attended  with  any  better  success.  Potassium 
ignifed,  by  intense  Voltaic  electricity,  in  nitrogen  gas  ; 
>1  the  result  was,  that  hydrogen  appeared,  and  some  nitro- 
piwufiinnd  deficient.  This^  on  first  view,  would  lead  to 
Hcion  that  nitrogen  was  decomposed.  But,  in  sob- 
experiments,  in  proportion  as  the  potassium  was  more 
from  a  ooatitig  of  potash,  which  would  introduce  water, 
in  proportion,  was  less  hydrogen  evolved,  and  less  nitro* 
bttud  deficient.  The  general  tenor  of  these  inquiries, 
lends  no  strength  to  the  opinion  that  nitrogen  is  a 
iifepoiuid  body. 

Art.  1. — Nitrogen  with  Oxygen. — Atmospheric  Air. 

Tut  atmosphere  is  a  collection  of  elastic  fluids,  retained  on 

kiur&ce  of  the  earth  by  tlieir  gravitation.     Its  weight  was 

ht  ascertained  by  Galileo,  and  applied  by  Toricelli  to  ex- 

|lni  the  rise  of  water  in  pumps,  and  of  mercury  in  barome- 

t^Kil  tubes ;  and  by  Paschal  to  the  mensuration  of  the  height 

tf  mountains.     At  the  level  of  the  ocean  it  is  adequate  to 

*l^ia  a  column  of  water  having  the  altitude  of  35  feet,  or 

*B^  of  mercury  of  the  height  of  SO  inches,  and  it  presses  with 

w  weight  of  about  15  pounds  on  every  square  inch  of  sur- 

we*    As  we  ascend,  the  atmosphere  decreases  in  density  in 

igeometrical  proportion  to  equal  ascents.  Thus  at  three  miles 

*  lieight,  the  density  of  the  atmosphere  is  one  half  what  it 

*«(lhe  earth's  surface,  or  equal  to  a  column  of  15  inches  of 

■enury ;  at  six  miles,  the  barometer  would  stand  at  \  the 

■Mai  height,  or  at  7-^  inches ;  at  nine  miles  of  elevation,  at  3|. 

ttehcs;  and  at  15  miles  nearly  at  1  inch.    Hence  the  greatest 

Mitof  the  atmosphere  is  always  within  15  of  20  miles  of  the 

vtfa's  surface;  though,  from  the  refraction  of  the  sun's  light. 


••'  '-'-—  '-*  -■*■■- 


Phil.  Trans.  181Q. 
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it  may  be  inferred  to  extend  from  40  to  45  miles  in  height. 
Beyond  the  former  limit  it  appears  highly  probable,  indeed, 
from  the  recent  observations  of  Dr.  Wollaston,  (Phil.  Trans. 
1822)  that  our  atmosphere  does  not  reach  at  all ;  the  force  of 
gravity  downwards,  upon  a  single  particle,  being  there  equal 
to  the  resistance  arising  from  the  repulsive  force  of  the  medium. 
We  have  no  evidence,  then,  of  the  existence  of  similar  matter 
round  any  other  planet;  and,  on  the  contrary,  it  has  been 
ascertained,  by  the  observations  of  Captain  Kater,  iliat  no 
retardation  of  the  motion  of  Venus  can  be  perceived  in  her 
progress  towards  the  sun,  as  would  happen  if  the  latter  were 
encompassed  by  a  refracting  atmosphere.  The  approach, 
also,  of  Jupiter's  satellites  to  Uie  body  of  that  planet  is  uni* 
formly  regular,  till  they  appear  in  actual  coutact,  showing 
that  there  is  not  that  extent  of  atmosphere,  which  Jupiter 
should  attract  to  himself  from  an  infinitely  divisible  medium 
filling  all  space.  These  observations  are  favourable,  as  Dr. 
Wollaston  remarks,  to  the  existence  of  particles  of  matter 
no  longer  divisible,  for  if  an  elastic  fluid  like  our  atmosphere 
consist  of  such  particles,  we  can  scarcely  doubt  that  all  other 
bodies  are  similarly  constituted;  and  may  without  hesitation 
conclude  that  those  equivalent  quantities,  which  we  have 
learned  to  appreciate  by  proportionate  numbers,  do  really  ex« 
press  the  relative  weights  of  elementary  atoms,  the  ultimate 
objects  of  chemical  research. 

Thegreat  body  of  air,  constituting  our  atmosphere,  is  in  a  state 
of  constant  motion,  not  only  from  its  accompanying  the  earth  in 
its  rotation  round  its  axis,  but  it  flows  also  from  the  equator 
towards  the  poles,  and  contrariwise.  Over  the  torrid  zones,  the 
air  is  expanded  by  heat^  and  acquires  a  tendency  to  ascend,  while 
the  air  from  the  temperate  and  frigid  zones  presses  forward  to 
supply  the  vacancy.  In  the  torrid  zones^  the  upper  regions  of 
the  atmosphere  meet  with  less  lateral  pressure  than  is  necessary 
to  support  them,  and  the  air,  therefore,  overflows  in  both 
directions,  so  that  currents  northward  and  southward  are 
established  in  the  higher  regions  of  the'  atmosphere.  Thus  a 
constant  circulation  is  maintained,  and  a  cause  established 
for  supporting  a  temperature  on  the  earth's  surface,  approach- 
ing much  more  nearly  to  uniformity,  than  it  could  have  been 
without  such  a  provision  of  nature. 


II. 
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It  has  already  been  stated  that  tbe  air  of  our  atmosphere, 
bendea  small  proportions  of  aqueous  vapour  and  carbonic  acid, 
ii  principally  constituted  of  two  difierent  gases,  viz.  oxygen 
gas,  and  azotic  or  nitrogen  gas,  the  former  of  which  seems 
to  be  the  only  ingredient  on  which  the  eiiects  of  the  air,  as 
s  chemical  agent,  depend*  Hence  combustible  bodies  burn 
in  atmospheric  air,  only  in  consequence  of  the  oxygen  gas 
which  it  contains;  and,  when  this  is  exhausted,  air  is  no 
longer  capable  of  supporting  combustion.*  Its  analysis  is 
iKMt  satisfiM^torily  demonstrated  by  the  action  of  heated  m«r« 
cury,  as  was  first  effected  by  Lavoisier  in  the  following 
manner. 

Into  a  small  mattrass,  capable  of  holding  from  45  to  50  cubical 
inches,  pour  about  1500  grains  of  mercury,  and  let  its  neck  be 
so  bent  that  its  extremity  may  open  into  a  known  quantity  of 
itmospheric  air  confined  in  a  glass  receiver  over  mercury.  (See 
the  annexed  cut.)    The  receiver  should  not  be  more  than  one 


third  full  of  air,  in  order  to  allow  space  for  itsexpansion  by  heat; 
and  the  body  of  the  mattrass  must  be  surrounded  by  dry  sand, 
contained  in  the  sand  pot  of  a  distilling  furnace.  The  ves* 
sels  being  thus  disposed,  a  fire  is  to  be  lighted  in  the  furnace, 
and  kept  up  for  several  days,  so  as  to  maintain  the  quicksilver 


*  CerUin  combustible  bodies  even  cease  lo  burn  in  atmospheric  air,  long 
before  its  oxygenous  portion  is  consumed,  for  reasons  that  will  hereafter  be 
givca. 
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uwtly  Hi;  the  boiling  poiiUy  wbipliL  is  thuB  fredy  ^sppupd  k 
the  air  io  tb^  bell  as  well  as  to  tbAt  ia  the  pmttiwik  At  AM 
the  air  18  rarefied  by  be^;  but  wben  the  &r»  ha«  bm^  Wki 
ported  for  two  or  three  days,  iU  volume  beging  to  dioiipM^ 
and  at  the  eod  of  the  fifth  d^y^  whep  the  vessels  have  ooeM 
it  is  found  thitf  idbput  p^e  siiLtb  die  bulk  of  the  original  w  hi 
disappeared*  What  remains  is  completely  altered  ip  its  pUn 
perties.  It  immediately  wtinguishes  flamet  and  13  &tsi  |9 
any  sipall  animal  that  mey  be  inclosed  in  it.  The  meiieiiqh 
also»  may  be  observed  to  have  undergone  ^  cbwge;  ihnIi 
scaly  particlos  of  a  fltea  colour  may  be  seen  flofUing  on  iti 
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Wbra  the«e  particles  am  collected,  and  subjected  to  a  h(tt 
approaching  to  redness,  in  a  coated  glass  tube,  a  quanti^  4 
gas  may  be  collected  by  a  proper  apparatus,  t)ie  volupidif 
which  will  be  found  equivalent  to  that  which  hs^  disappaiMfa 
Its  properties,  when  examined,  answer  to  those  of  oxygea  gM^ 
which  is  thus  decisively  proved  to  be  a  constituent  part  of  diti 
air  of  our  atmosphere,  the  other  ingredient  of  which  is  shows 
to  be  an  elastic  fluid  incapable  either  of  supporting  comboi- 
tion  or  animal  life.     The  analysis,  however,  effected  in  tUi 
way,  is  not  adequate  to  disclose  the  true  proportion  of  the 
gases  constituting  the  atmosphere,  for  mercury  has  not  s  m^ 
ficiently  strong  attraction  for  oxygen  to  separate  the  whols 
of  that  existing  in  the  air,  which  amounts  to  about  one  fifth 
of  the  whole  volume.    This  serration  may  be  completdj 
eficcted  by  other  methods  to  be  presently  described,  proving 
that  atmospheric  air  is  composed  of  one  volume  of  oxygen 
gas,  and  four  of  nitrogen,  besides  small  proportions  of  cs^ 
bonic  acid  and  aqueous  vapour,  the  latter  varying  with  the 
temperature. 

This  process  is  extremely  tedious ;  but  evidence  of  the 
nature  of  atmospheric  air  may  be  obtained  much  more  eipe- 
ditiously  by  the  following  experiments. 

I.  Burn  phosphorus,  in  the  manner  described,  subititsl- 
ing,  for  oxygen  gas,  common  atmospherical  air.  The  coA- 
bustion  will,  in  this  instance,  be  less  vivid ;  will  cease  sooner; 
and  the  absorption,  when  the  vessels  have  cooled,  will  bt  mioA 
less  considerable  than  in  the  former  case. 

The  phosphorus,  however,  will  have  absorbed  the 
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of  the  oxygen  gas  contained  in  tlie  sir  submitted  to  experU 
ment ;  and  hence  it  may  be  employed  for  measuring  llie  (jutm- 
lity  of  oxygen  gas  in  a  given  bulk  of  utniosphcrical  air.  This 
may  be  accomplished  eitiier  by  lis  slow  or  mpid  combustion. 
Berthollet  proposes*  to  expose  a  cylinder  of  phosphorus,  fast- 
ened to  a  gloss  rod,  in  a  narrow  glass  vessel,  graduated  into 
equal  parts,  end  standing  full  of  air  over  water.  (See  fig.  Si,} 
The  phosphorus  immediately  begins  to  act,  without  visible 
conibuauuu, on  the  included  air;  and  in  six  or  eight  hours  its 
effixt  is  completed.  The  residuary  azotic  gas  Iihs  its  bulk 
enlarged  about  one  iOth,  by  absorbing  a  little  phosphorus; 
mu]  &>r  tliis  allowance  must  be  made  in  measuring  the  dimi- 
nution. 

In  the  eudiometer  of  Seguin,  tbe  rapid  combustion  of  plios- 
pliorus  is  employed  with  the  same  view.  A  glass  tube,  open 
at  one  end  only,  about  an  inch  in  diameter,  and  eight  or  ti;n 
bigji,  is  filled  with,  and  inverted  in,  mercury.  A  small  hit 
of  phosphorus,  dried  with  blotting  paper,  is  then  introduci>dt 
and,  by  ils  inferior  speciiic  gravity,  rises  lo  the  top  of  the 
tobe  wliere  it  is  melted,  by  bringing  a  reiUhot  poker  near  lo 
the  outer  surface  of  the  glass.  When  the  phosphorus  is  lifjue- 
ficd,  a  measured  portion  of  the  ulr  lo  be  examined  is  aU- 
mitled,  by  a  little  at  once,  into  the  tube.  The  phosphorus 
inflames  at  each  addition,  and  the  mercury  rises.  When  all 
the  air  under  examination  has  been  added,  the  red-hot  poker 
is  again  applied  to  ensure  the  completion  of  the  proceiis,  and 
the  residuary  gas  is  tranferred  into  n  graduated  measure, 
where  its  bulk  is  carefully  ascertained.  In  this  instance, 
about  one  40lli  the  volume  of  the  residuary  gas  is  to  be  de- 
ducted from  tlic  apparent  quantity  of  azotic  gas,  because,  in 
this  cose  also,  a  small  portion  of  phosphorus  is  dissolved  by 
tbe  latter,  and  occasious  a  trifling  expansion.  With  this 
deduction,  atmo^heric  air  loses  pretty  accurately  21  parts 
out  of  every  100;  and  contains,  therefore,  21  per  ctrnt.  of 
oxygen,  and  79  of  azote  by  mcasure,t     And  it  is  remarkable, 

*  Aniiiil»  it  Cliiiiiic,  xxiv.  TB. 

f  Vatidus  other  melhudt  (>r  analyzing  iilmos|)herical  air  will  be  deKribcd 
in  ihecoiincorihe  work,  tercrencei  lo  wlilch  may  lie  ruuiiil  in  the  Index, 
■riidc  Eudiometer.  One  of  ihc  qiiickcit  and  mo*i  •«ii>Ju:u>r7  it  deo 
cftbed  in  (he  Mciion  on  llyiliogcn  fJiu. 
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that  no  appreciable  difTerence  exists  between  the  proportions 
of  oxygen  and  azote  in  the  atmospheres  of  distant  places; 
from  which  it  appears,  that  the  purity  and  salubrity  of  air 
depend  on  some  other  circumstances  than  the  proportion  of 
these  Its  chief  elements* 

IL  The  inferior  fitness  of  atmospherical  air  to  that  of  oxy- 
gen gas,  for  supporting  combustion,  may  be  shown,  also^  by 
a  comparative  experiment  with  two  candles.     Provide  a  dr- 
cnlar  piece  of  lead,  three  inches  diameter,  and  half  an  inch 
thick,  from  the  centre  of  which  proceeds  a  perpendicular  iron 
wire^  six  or  eight  inches  high ;  to  the  end  of  this  wire  fasten 
a  piece  of  wax  taper.    Set  the  candle,  supported  by  its  stand, 
on  the  shelf  of  a   pneumatic  cistern;    and  place,  also,  the 
conducting  pipe  from  the  bladder  {e,  fig.  41),  in  the  position 
shown  by  the  figure ;  the  cock  d^  however,  being  shut.  Then, 
having  the  syphon  g  in  the  inverted  position  shown  in  the 
plate,  sink  the  whole  apparatus  into  the  water.     Part  of  the 
air  in  the  jar  a  will  escape  through  the  syphon,  and  will  ber^ 
placed  by  water.     When  we  have  left,  in  the  jar,  the  proper 
quantity  of  air,  the  syphon  must  be  removed,  and  the  jar  re- 
turned to  its  place.     The  level  of  the  water  will  now  be  con- 
siderably higher  within  than  without  the  receiver;    and  its 
height  must  be  noted.     On  passing  a  succession  of  electrical 
sparks  from  the  conducting  wire  to  the  bent  pipe^  and  opening 
the  cock  d  from  the  bladder  filled  with  hydrogen  gas,  we  shall 
have  a  small  flame,  which  is  to  be  extinguished  as  soon  as,  by 
its  means,  we  have  lighted  the  candle.     The  candle  may  be 
suffered  to  burn  till  it  is  extinguished ;  and  the  duration  of  its 
burning,  and  the  diminution  it  occasions  in  the  air,  are  to  be 
noted.     When  the  combustion  is  repeated  in  the  same  man- 
ner, but  with  the  substitution  of  oxygen  gas,  it  will  be  found 
to  last  considerably  longer,  and  the  diminution  of  volume  in 
the  gas  will  be  much  greater ;  or  the  experiment  will  be  still 
more  striking,  if  made  at  the  same  time  with  two  receivers, 
the  one  containing  common  air,  the  other  oxygen  gas. 

Of  the  fifty-one  simple  or  elementary  bodies,  nine  only  are 
incapable  of  being  acted  upon  at  any  temperature  by  the  oxy- 
gen present  in  atmospheric  air.     These  are  chlorine,  iodine, 
azote,  silver,  gold^  platina,  rhodium,  palladium,  and  iridium.  • 
All  the  rest  absorb  oxygen  from  the  atmosphere^  either  at  the 
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rdhiaiy  tempcrnturc,  or  at  n  more  elevated  one  which  differs 
v  difierent  individuals. 

IIL  Take  two  tubes,  each  a  few  inches  long,  closed  at  one 

ndy  and  divided  into  100  aliquot  parts.     Fill  the  one  with  at- 

Bospherical  air,  the  other  with  oxygen  gas,  and  invert  them 

B  two  separate  cups  filled  with  a  solution  of  sulphuret  of 

potash.    The  sulphuret  will  ascend  gradually  within  the  tube 

of  common  air,  till,  after  a  few  days,  about  four  fifths  of  its 

wiginal  volume  will  remain ;  but,  in  that  containing  oxygen, 

itwill  ascend  much  higher,  and  if  the  gas  be  pure,  will  even 

Anrb  the  whole. 

Tbe  explanation  of  this  fact  is,  that  liquid  sulphuret  of 

|Bt»h  has  the  property  of  absorbing  oxygen,  but  not  nitrogen. 

kdierefore  acts  on  atmospheric  air,  only  as  long  as  any  oxygen 

|>  remains,  and  may  be  employed  as  a  means  of  ascertaining 

ie quantity  of  this  gas  in  the  atmosphere  at  diiferent  times, 

din  distant  places.     An  improved  instrument,*  thus  gra- 

fcrtcd,  has  been  employed  by  Guyton  as  an  Eudioinetcr.\ 

fct  an  apparatus,  of  much  gi'eater  simplicity,  and  facility  of 

[■l^ication,  is  that  of   Professor  Hope   of  Edinburgh,  an- 

"HMmccd  in  Nicholson's  Journal,  8vo.  iv.  210.     It  consists  of 

•  Jmall  bottle,  of  the  capacity  of  20  or  24-  drachms  (fig.  20, 

PLii),  destined  to  contain  the  cudiomctric  liquid,  and  having 

ft  small  stopper  at  I.     Into  the  neck  of  the  bottle  a  tube  is 

*ccarately  fitted  by  grinding,   which  holds  precisely  a  cubic 

^,  and  is  divided  into  100  equal  parts.     To  use  the  appa- 

'^tus,  the  bottle  is  first  filled  with  the  liquid  employed,  which 

*»  best  prepared  by  boiling  a  mixture  of  quicklime  and  sulphur 

^  water,  filtering  the  solution,  and  agitating  it  for  some 

&i»ein  a  bottle  half  filled  with  common  air.     The  tube,  filled 

^th  the  gas  under  examination  (or  with  atmospherical  air, 

*lten  the  quality  of  this  compound  is  to  be  ascertained),  is 

^  to  be  put  into  its  place;  anj,  on  inverting  the  instru- 

*^nt,  the  gas  ascends  into  the  bottle,  where  it  is  to  be  brought 

tttensively  into  contact  with  the  liquid  by  brisk  agitation. 


I     •  See  Nicholson's  Philosophical  Journal,  4to.  i.  208  j  or  Tilloch's  Phi- 
'  Slued  Magazine,  iii.  171. 

t  Other  eudiometers  will  be  described  hereafter. 
VOL.  I.  U 
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An  absorption  ensues ;  and,  to  supply  its  place,  the  stepper 
is  opened  under  water,  a  quantity  of  which  rushes  into  tl 
bottle.  The  stopper  is  replaced  under  water ;  tlie  agicado 
renewed ;  and  these  operations  are  performed  alternately,  ti 
no  farther  diminution  takes  place.  The  tube  a  is  then  witb 
drawn,  the  neck  of  the  bottle  being  under  water^  and  is  bck 
inverted  in  water  for  a  few  minutes ;  at  the  close  of  which  tin 
diminution  will  bo  apparent.  Its  amount  may  be  measond 
by  the  graduated  scale  engraved  on  the  tube. 

To  the  eudiometer  of  Dr.  Hope  there  are,  however,  a  fcr 
objections.  If  the  tube  a  and  the  stopper  b  are  not  both  vcfj 
accurately  ground,  air  is  apt  to  make  its  way  into  the  ioitnh 
ment  to  supply  the  partial  vacuum,  occasioned  by  the  dkj 
sorption  of  oxygen  gas.  This  absorption  causes  a  dio%; 
nished  pressure  within  the  bottle ;  and,  consequently,  towaid| 
the  close  of  each  agitation,  the  absorption  goes  on  very  ilovifEi 
Besides,  the  eudiometric  liquid  is  constantly  becoming  wM 
dilute,  by  the  admission  of  water  through  b.  To  obviate  if 
these  difficulties,  I  have  substituted  for  the  glass  bottle,  oM 
of  elastic  gum,  as  shown  by  fig.  2 1 ,  (•  The  tube  a  is  «eoi» 
ratcly  ground  into  a  short  piece  of  very  strong  tube  of  widci^ 
bore,  as  shown  at  c,  the  outer  surface  of  which  is  made  roi|^ 
by  grinding,  and  shaped  as  represented,  that  it  may  mom 
effectually  retain  the  neck  of  the  elastic  bottle  when  fixed  b| 
a  string.  This  instrument  is  uscd^  in  every  respect,  ia  tlw 
same  way  as  Dr.  Hope's.  The  only  difficulty  is,  in  returaiif 
the  whole  of  the  residuary  gas  into  the  tube;  but  the  artrf 
doing  this  will  be  readily  acquired  by  practice. 

An  ingenious  modification  of  the  eudiometer,  which  enabb 
us  to  measure  an  absorption  of  only  T-jVrr^b  part  of  the  0 
employed,  is  described  by  Mr.  Pepys  in  the  Philosophki 
Transactions  for  1807,  or  Philosophical  Magazine,  xxix. 

V.  Atmospherical  aby  when  very  considerably  rarcfied^isfet 
dered  nnfujor  sup/jordng  combustion.  The  general  fact  tW 
flame  ceases  in  air  highly  rarefied  by  the  air  pump,  was  wJ 
known  to  the  earlier  experimenters  upon  the  BoylcanTr 
cuum;  but  the  degree  of  rarefaction,  necessary  to  this  eflec^ 
has  been  diffi?rently  stated.  Sir  H.  Davy  (on  Flame,  p.  67i) 
found  that  a  jet  of  inflamed  hydrogen  from  what  has  bieB 
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called  llic  pliiloso|))iicnl  candle,  of  about  ona-sixtli  of  ap  inch 
ia  hcif^h^  when  inLroduced  under  a  receiver,  containing  from 
200  to  300  cubic  inches  of  air,  enlarged  ns  llie  receiver  was 
exhausted  by  an  air-pump.  When  the  gage  indicated  a 
preseure  between  i  and  5  times  lees  Lhan  that  of  the  atmo- 
sphere, the  flame  was  at  Its  maximum  size;  it  then  gradually 
diminished  below,  but  burned  above,  till  the  pressure  was  be- 
tween 7  and  b  times  less.  Lliiing  a  larger  jet  with  the  same 
apparatus,  it  burned  till  tlie  pressure  was  reduced  to  one-tenth 
that  of  tlie  atmosphere;  and  when  a  coil  of  plfttinum  wire 
was  kept  in  the  Hamc  in  a  state  of  ignition,  the  combustion 
did  not  cease  till  the  pressure  was  reduced  13  times.  The 
combustibility  of  hydrogen  in  atmospheric  air  docs  not, 
therefore,  appear  to  be  increased  or  diminished  by  mere 
rarefaction  from  the  removal  of  pressure,  but  to  cease  in 
rarefied  atmospheres,  only  when  the  hent  produced  is  in- 
buHicient  to  keep  up  the  combustion,  or  at  that  point  when  it 
is  incupuble  of  communicating  viable  ignition  to  metal. 

It  Is  nut,  however,  by  the  same  degree  of  rarefaction  of  air, 
that  the  combustion  of  all  bodies  is  suspended ;  for,  as  might 
naturally  be  expected,  tho^e  which  rc(iuire  least  beat  for  their 
combustion,  burn  in  more  rarefied  air  th.in  those  that  require 
a  higher  temperature;  and  again,  those  that  produce  much  heat 
in  tlieir  combustion,  burn  in  more  rarefied  air  than  those  which 
evolve  little  heat.  The  following  table,  collected  from  Sir.  H. 
Davy's  experiments,  shows  tlie  degrees  of  rarefaction  of  com- 
mon air,  at  which  the  combustion  of  some  inflammable  bodies 
ceases,  botli  widi  and  without  the  appendage  of  a  coil  of  pla- 
tiouni  wire. 

Wiihoui  Wiih 

Pblinunl.        Pliitii»ii». 
Olefiatit  gas  censes  to  burn  in  nir-i 

rarelied    J     ' 

Carbureted  hyilrogen   4 

Cnibonic  oxide 6 

Alcohol    -J 

Waxtaper /     ^ '° 

fiulpbureted  hydrogen     7 

Sulphur 15  to  20 

ihorua     60   . . , , 


11  to  ]2  times. 


7  to 
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By  preserving  heat  in  rarefied  air.  Sir  H.  Davy  found  that 
the  inflammation  of  bodies  may  be  continued,  when,  under 
other  circumstances,  it  would  have  been  extinguished.  Thusy 
when  camphor  was  burned  in  a  glass  tube,  so  as  to  make  the 
upper  part  of  the  tube  red  hot,  the  inflammation  continned 
when  the  rarefaction  was  9  times ;  whereas  it  would  only  con- 
tinue in  air  rarefied  6  times,  when  the  camphor  was  burned 
in  a  thick  metallic  tube,  which  could  not  be  considerably 
heated  by  it.  By  other  experiments  he  has  shown,  also,  that 
expansion  by  heat,  instead  of  diminishing  the  combustibility 
of  gases,  enables  them,  on  the  contrary,  to  explode  at  a  lower 
temperature. 

VI.  The  power  of  atmospheric  air  to  support  combustion  is  di^ 
minis hed  also  ly  mixing  it  with  some  other  gases.    Thus,  Sir  H. 
Davy  found  that  a  candle  is  instantly  extinguished  in  air  mixed 
with  one  tenth  of  silicated  fluoric  acid  gas,  or  with  one  sixth  of 
muriatic  acid  gas.     But  air,  thus  rendered  inadequate  1o  sop- 
port  the  combustion  of  one  sort  of  inflammable  substance,  if 
capable  of  maintaining  that  of  others,  as  is  proved  in  an  ele- 
gant manner  by  the  following  experiment  of  the  same  philoso- 
pher. Into  a  long  bottle  with  a  narrow  neck  introduce  a  lighted 
taper,  and  let  it  bum  till  it  is  extinguished.     Carefully  stop 
the  bottle,  and  introduce  another  lighted  taper ;  it  will  l)e  ex- 
tinguished before  it  reaches  the  bottom  of  the  neck  ;  then  in- 
troduce a  small  tube  containing  zinc  and  diluted  sulphuric 
acid,    at   the  mouth   of  which    the  hydrogen   is   inflamed; 
the  hydrogen  will  be  found  to  burn,  in  whatever  part  of  the 
vessel  it  is  placed.     After  ihc  hydrogen  is  extinguished,  in-      \ 
trod uce  lighted  sulphur;  this  will  burn  for  some  time ;  and,      j 
after  its  extinction,  phosphorus  will  be  as  luminous  as  in  the     i| 
open  air,  and,  if  heated  in  the  bottle,  will  produce  a  pale 
yellow  flame  of  considerable  density.  (Davy  on  Flame,  p.  82.) 

VII.  The  meclianical  condensation  of*  air  docs  not  adapt  it  for 
supporting  a  more  vivid  combustion.  Sir  H.  Davy's  experi- 
ments are  the  only  ones  we  possess  on  this  subject.  lie  con- 
densed air  nearly  five  times,  and  then  ignited  iron  wire  to  white* 
ness  in  it,  by  the  Voltaic  apparatus,  but  the  combustion  took 
place  witli  very  little  more  brightness  than  in  the  common  at- 
mosphere, and  would,  not  continue  as  in  oxygen ;  nor  did 
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charcoal  bum  much  more  brightly  in  this  comprcftsed  air  than 
m  common  air. 

VIII.  Atmospheric  air  supports  animal  life^  only  in  consc 
(juence  of  the  oxygen  gas  which  it  contains. — Air,  after  having 
been  received  into  the  lungs,  and  again  expired,  is  found  to 
baTe  lost  a  considerable  part  of  its  oxygen,  viz,  from  10  to  12 
per  cent.  It  proves  fatal  to  animals,  however,  long  before  this 
ingredient  is  wholly  exhausted ;  and  iience  it  appears,  that  a 
considerable  proportion  of  oxygen  gas  is  necessary  to  fit  the 
air  for  supporting  respiration.  As  the  analysis  of  expired  air 
requires  an  acquaintance  with  another  gas,  not  hitherto  de- 
scribed, viz.  carbonic  acid,  its  examination  will  be  postponed 
to  a  future  occasion. 

IX.  Atmospheric  air  is  diminished  in  volume  by  animal  respi- 
ration. — Tliis  may  be  shown  by  repeating  a  very  simple  ex- 
periment, originally  contrived  by  Mayow.  He  confined  a 
mouse  in  a  small  glass  jar,  and  tied  the  jar  over,  quickly  and 
finnly,  with  moistened  bladder.  The  heat  of  the  animal  first 
expanded  tlieair,  and  rendered  the  bladder  convex  outwards  ; 
but  when  the  animal  after  death  had  become  cold,  the  blad- 
der exhibiteil  a  hollow  surface,  proving  that  the  air  within 
the  jar  was  diminished  in  its  bulk. 

The  exact  amount  of  the  diminution  may  be  shown,  by  con- 
fining a  mouse,  over  water,  in  a  graduated  jar,  furnished  with 
a  stop-cock,  and  containing  common  air.  As  the  heat  of  the 
animal,  however,  would  occasion  the  expulsion  of  part  of  the 
air,  it  is  expedient,  on  first  depressing  the  jar  into  water,  to 
open  the  cock,  through  which  a  part  of  the  air  will  escape: 
the  cock  is  then  to  be  shut,  and  the  height  of  the  water  within 
to  be  accurately  noted.  At  first,  the  level  will  be  depressed, 
inconsequence  of  the  expansion  of  the  air  by  the  warmth  of 
the  animal ;  but,  after  its  death,  a  considerable  diminution  will 
be  observed. 

X.  Tlie  weight  of  100  cubic  inches  of  atmospheric  air,  at 
60°  Fahrenheit  and  30  inches  barometer,  is  said  by  Mr.  Kir- 
wan  to  be  30.92  grains.  Sir  H.  Davy  states  it,  when  under 
the  same  pressure,  but  at  55^  Fahrenheit,  to  be  31.10  grains, 
from  which  it  may  be  deduced  that,  with  the  temperature  and 
pressure  assumed  by  Mr.  Kirwan,   100  inches  would  weigh 
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S0.78  grftins.  Under  the  same  circumstaiices^  Sir  OMtg§ 
Shuckburgh's  experiments  fix  its  weight  at  80.5  gAiins,  a 
number  confirmed  by  the  subsequent  inrestigations  of  Mr. 
Rice.  (Ann.  of  Phil.  vol.  xiii.)  Mr.  Brande^  howerer^ 
(Manual)  i.  5790  deduces^  from  twelve  experiments  made  at 
the  Royal  Institution^  with  great  care  and  an  excellent  ba« 
lailce^  that  100  cubic  inches  of  air,  at  A  mean  of  the  baro- 
neter  and  thermometer,  weigh  only  80.199  grains.  On  the 
whole>  perhaps,  80.5  grains  may  be  considered  as  a  near  ap- 
proximationi 

All  eudiometrical  processes,  when  skilfully  performed,  con- 
cur to  prove  that,  apart  from  the  carbonic  acid  and  aqueous 
vapour  which  are  present  in  atmospheric  air,  100  volumes 
consist  of  79  oxygen,  and  21  nitrogen ;  or,  including  the  two 
former  ingredients,  that  it  is  constituted,  at  a  mean  tempe* 
rature  and  pressure,  of 

Nitrogen  gas 77.5    by  measure ....  75.55  by  weight 

Oxygen  gas   21 23.32 

Aqueous  vapour    ..     1.42   1.03 

Carbonic  acid    ....     0.08    0.10 

100.00  100.00 

It  is  remarkable,  also,  that  with  the  exception  of  the 
aqueous  vapour,  the  quantity  of  which  varies  with  the  tem- 
perature, OS  will  presently  appear,  the  other  ingredients  of  the 
atmosphere  bear  at  all  times,  in  all  quarters  of  the  globe, 
and  at  all  accessible  heights  above  its  surface,  the  same  re- 
lative proportion  to  eoch  other.  Thus  oir  from  the  Aljjs 
analyzed  by  Saussurc  Jun.,  from  Spain  by  Dc  Marti,  from 
France  and  Egypt  by  Berthollet,  from  England  and  the  coast 
of  Guinea  by  Davy,  from  the  Peak  of  Teneriffe  and  from 
near  the  summit  of  the  Andes  by  Humboldt,  and  from  the 
height  of  nearly  22,000  feet  by  Gay  Lussac  and  Tbenard,  all 
gave  results  approaching  as  nearly  as  possible  to  each  other. 
The  unknown  ingredients  which  are  occasionally  mingled 
with  the  atmosphere,  and  which  impart  to  it  deleterious  pro- 
|wrtics,  arc  either  of  too  subtile  a  nature,  or  present  in  too 
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■Ball  a  proporttOD,  to  be  discoverable  by  our  imperfect  in- 
stmioeiitB. 

Two  views  have  been  taken  of  the  nature  of  the  union, 
which  exists  among  the  several  elastic  fluids  constituting  the 
atmosphere.  By  the  greater  part  of  chemists,  it  has  been 
considered  as  a  chemical  compound,  chiefly  from  the  uni* 
brmity  of  its  composition,  and  from  the  fact  that  its  several 
ingredients  do  not  separate  and  arrange  themselves  according 
to  their  respective  specific  gravities.  Mr.  Dalton  was  the 
first  who  presented,  under  a  distinct  view,  the  theory,  that  of 
the  various  elastic  fluids  constituting  the  atmosphere,  the  par- 
ticles of  one  have  neither  attractive  nor  repulsive  power  to- 
wards those  of  another;  but  that  the  weight  or  pressure,  upon 
my  one  particle  of  any  fluid  mixture  of  this  sort,  arises  solely 
from  the  particles  of  its  own  kind.**  According  to  this  hypo- 
thesis, oxygen,  azotic,  and  carbonic  acid  gases  (or  indeed  any 
number),  may  exist  together  under  any  pressure,  and  at  any 
temperature,  while  each  of  them,  however  paradoxical  it  may 
sppear,  occupies  the  whole  space  allotted  for  all.  Each  in- 
gredient of  the  atmosphere,  on  this  view,  exerts  its  own  sepa- 
rate pressure  in  supporting  the  mercury  of  the  barometer, 
and  performs  the  part  assigned  to  it  in  the  following  table. 

Inch,  of  Mercury. 

The  nitrogen  gas  exerts  a  pressure    ••..••••  =  23.36 

Oxygen  gas • =  6.18 

Aqueous  vapour • =  0.4i 

Carbonic  acid  gas =  0.02 

30.00 

To  enter  fully  into  the  arguments  for  and  against  this  doc- 
trine, would  lead  into  discussions  of  too  great  length  for  an  ele- 
mentary work ;  and  I  shall  only,  therefore,  express  my  opinion, 
that  on  the  whole  it  is  more  probable,  and  encumbered  with 
fewer  difficulties,  than  the  theory  that  the  constituents  of  the 
atmosphere  are  held  united  by  chemical  affinity.     It  must  be 


*  Manchester  Memoirs,  ▼.  <^8. 
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acknowledged,  as  has  l^ecn  done  by  Mr.  Dalton,*  that  takia| 
the  azotic  part  of  the  atmosphere  as  a  standard,  the  oxygei 
and  carbonic  acid  must  observe  a  decreasing  ratio  to  it  in  as- 
cending,  and  the  aqueous  vapour  an  increasing  one.  But  on 
the  summit  of  Mont  Blanc  (nearly  tliree  English  miles  in 
perpendicular  height)  the  ratio  of  the  oxygen  to  the  nitrogen 
would  still  be  very  nearly  as  20  to  80,  and  at  all  ordinarp 
heights,  the  difference  of  proportions  must  be  scarcely  appriQi 
ciable. 

General  View  of  the  Compounds  of  Nitrogen  and  Oxygen. 

When  nitrogen  and  oxygen  gases  are  mingled  together^ 
in  whatsoever  proportions  they  are  employed,  no  combinatioo 
ensues.  The  result  is  a  simple  mixture  of  the  two  gase% 
which  do  not«  like  inelastic  fluids,  separate  on  standing,  but 
remain  diffused  through  each  other  for  an  indefinite  length  of 
time.  When,  however,  cither  one  or  both  of  these  elements 
is  in  a  condensed  state,  or  deprived  of  part  of  that  caloric 
which  keeps  the  gravitating  particles  of  all  gases  at  a  distance 
from  each  other,  they  unite  and  form  compounds,  distin- 
guished by  very  striking  properties.  According  to  the  pro- 
portions in  which  the  oxygen  and  nitrogen  exist  in  theie 
compounds,  their  qualities  undergo  a  remarkable  variation, 
so  that  from  two  elementary  bodies,  variously  united,  we  have 
several  compounds,  totally  unlike  each  other  in  external  qua- 
lities, as  well  as  in  their  chemical  relations. 

Before  describing  the  compounds  of  oxygen  and  nitrogen 
individually,  it  will  contribute  to  perspicuity  to  take  a  general 
survey  of  the  whole.  Some  of  them  exist  essentially  in  an 
aeriform  state,  and  are  capable  of  uniting  with  water  and 
other  liquids  in  small  proportion  only.  Others,  again,  com- 
bine with  water  to  such  an  extent,  that  the  liquid  form  is  the 
only  one  under  which  they  occur  to  our  observation.  When 
entirely  deprived  of  water,  they  are  all  essentially  gaseous 
bodies. 

In  a  scries  of  the  compounds  of  nitrogen,  founded  on  tlieir 
proportion  of  oxygen,  they  occupy  (excluding  atmospherical 

*  Manchciter  Memoirs,  2d  ser.  i.  257. 
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air  from  the  number)  the  following  order,  the  last  containing 
the  largest  proportion  of  oxygen — ^nitrous  oxide — nitric  oxide 
or  nitrous  gas — hjrpo-nilroiis  ncid — ^nitrous  acid  or  nitrous 
tapour — and  nitric  acid.  The  two  first  arc  sparingly  soluble 
io  water ;  but  the  three  last  unite  with  it  largely,  and  form  li- 
quid compounds  of  decidedly  acid  taste  and  quality. 

The  following  table  exhibits  the  composition  of  three  of 
tkffe  bodies,  the  calculation  being  founded  on  the  experiments 
of  Sir  H.  Davy,  published  in  the  year  1800  in  his  "  Re- 
searches/' Oxygen  gas  is  assumed  to  weigh  S8.8  grains,  and 
nitrogen^  29.5  for  100  cubical  inches. 

Proportion  of  Proportion  by 

Elements  by  Weight.  Measure. 

I "" ^      c: — ^ ^ 

Nitrogen.     Oxygen.          Nitr".  gas.    Ox,  gas. 
Nitrous  oxide   63.30     36.70   100.       50.68 

gas    44.05     55.95    100.     110. 

Niurousacid*   29.50     70.50    100.    208.60 

From  a  comparison  of  the  third  and  fourth  columns  of  the 
foregoing  Table,  it  is  obvious,  that  in  nitrous  oxide,  the  ni- 
trogen is,  in  volume,  very  nearly  double  the  oxygen ;  that  in 
nitrons  gas,  the  two  elements  exist  in  almost  equal  volumes ; 
and  that  in  nitrous  acid,  the  oxygen  is  a  little  more  than  twice 
the  volume  of  the  nitrogen.     These  coincidences,  and  others 
of  the  same  kind,  are  the  foundation  of  the  theory  advanced 
by  Gay  Lussac;    viz.    that    compoundsy  whose  elements  are 
gaseous f  are  constituted  either  of  equal  volumes  of  those  elements  ; 
or,  that  if  one  of  the  elements  exceeds  the  other^  the  excess  is  ly 
some  simple  multiple  of  its  volume.     That  the  proportions  of 
nitrogen  and  oxygen  by  measure  do  not,  in  the  foregoing  in- 
stances, rigorously  conform  to  this  law,  is  ascribed  by  Gay 
Lussac  to  unavoidable  inaccuracies,  attendant  on  all  delicate 
processes  for  determining  the  constitution  of  gaseous  bodies. 
In  one  instance,  the  coincidence  was  proved  experimentally  ; 
ibrM.  Berard,  by  the  combustion  of  pota^ium  in  100  mea- 
mres  of  nitrous  gas,  obtained  exactly  50  measures  of  nitro- 
gen.   Hence  tlie  table,  corrected  to  accord  with  the  views  of 

*  These  were  at  first  stated  to  be  the  proportions  of  the  elements  of  itifric 
>cid;  bat  they  apply  more  correctly  to  nitrous  acid. 
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Gay  Lussac,  and  enlarged  so  as  to  comprehend  all  the  known 
compounds  of  nitrogen,  will  stand  as  follows : 

Measures  of  lOO  grains  contain 

( ^ \    r- ^^- 1 


Nitrogen.    Oxygen*    Nitrogen.     Oxjrgi 
Nitrous  oxide  consists  of  •  •  100  50  • .  •  •  63.58         SSAt 

gas    100  100...  •46.60  5S.40 

HypoH»itrou8  acid   100  150  • .  • .  36.8  63.S 

Nitrous  acid . « 100  200  ...  •  30.40  69.60 

Nitricacid    ..100  250  ....25.97  74.03 

Supposing  the  foregoing  proportions  by  volume  to  be  cor- 
rect, the  proportions  by  weight  will  be  as  follows : 

In  weight  of 

( ^ > 

Nitrogen.    Oxygen. 

Nitrous  oxide  consists  of 100  +  57 

-gas 100  -f  114 

Hypo^nitrous  acid 100  +  171 

Nitrous  acid    100  -f  23S 

Nitric  acid 100  +  285 

In  all  these  compounds  the  elements  are  in  a  state  of  con* 
densation,  except  in  nitrous  gas^  in  which  the  nitrogen  and 
oxygen,  according  to  Gay  Lussac,  are  precisely  in  the  same 
state  of  density,  as  in  nitrogen  and  oxygen  gases.  In  the 
other  compounds,  the  contraction,  he  apprehends,  is  exactly 
equivalent  to  the  bulk  of  the  oxygen  gas.  For  example,  in 
100  measures  of  nitrous  oxide,  consisting  of  100  measures  of 
nitrogen  gas  and  50  measures  of  oxygen  gas,  the  condensation 
is  50  measures.  On  the  same  principle  100  measures  of 
nitrogen  gas,  and  200  of  oxygen  gas  constitute  100  of  nitrous 
acid  gas;  and  100  measures  of  nitrogen  and  250  of  oxygen 
compose  100  of  gaseous  nitric  acid. 

Mr.  Dalton,  in  his  **  New  System  of  Chemical  Philosophy," 
has  given  a  Table  of  the  Com)x>unds  of  nitrogen  and  oxygen* 
which  differs  essentially  from  that  of  Oay  Lussac.  This  table^ 
however,  it  is  unnecessary  to  copy,  because  it  has  been  since 
materially  altered  by  the  author,  who  has  presented  it  under 
the  following  corrected  form.* 

*  Thomson's  AnnaTs,ix.  199. 
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Volaraes  of  Atoms  of  Symbol/ 

n — ^ ^  < -^ r> 

Nitrogen,    Oxjfgeo.  Nitrogen.    Oxygen. 
Nitrous  oxide  ..••  100  +62  2+1 

gas 100+124  1+1 

Hypo-nitrous  acid    100   +   186  2  +  3 

Nitrous  acid     .,.*  100   +   24-8  1+2 

Nitric  acid   100   +   310  2   +  5 


It  will  be  obvious,  from  a  comparison  of  this  table  Vvith  tlie 
foregoing  one,  that  it  assigns  to  all  the  compounds  of  nitrogen, 
24  per  cent,  or  very  nearly  one  fourth,  more  oxygen,  tlian  is 
stated  by  Gay  Lussac  to  enter  into  their  composition.  It  is 
admitted,  on  all  hands,  that  setting  out  from  nitrous  oxide, 
the  other  compounds  of  nitrogen  contain  proportions  of  oxy- 
gen, which  are  simple  multiples,  both  in  weight  and  in  volume, 
of  that  existing  in  nitrous  oxide.  Tlie  question,  which  is 
still  disputed  by  the  opponents  of  the  theory  of  volumes,  is 
whether  it  be  true  that  one  volume  of  nitrogen  unites  with 
either  exactly  half  a  volume  of  oxygen,  or  with  exactly  an 
equal  volume,  or  a  double  volume,  and  so  on.  Analogy  is 
certainly  in  favour  of  this  opinion  ;  for  the  instances  are  nu- 
merous, in  which  gaseous  bodies  observe  the  law  respecting 
volumes,  deduced  by  Gay  Lussac ;  and  we  have  not,  at  pre- 
sent, any  well  ascertained  exception  to  it.  The  argument, 
which,  perhaps,  weighs  most  in  its  favour,  when  applied  to 
the  combinations  of  nitrogen  and  oxygen,  is  that,  assuming 
nitrous  oxide  to  consist  of  one  volume  of  nitrogen  and  half  a 
volume  of  oxygen,  and  multiplying  the  oxygen  of  nitrous  ox- 
ide by  5,  we  are  led  to  proportions  constituting  nitric  acid, 
which  almost  exactly  agree  with  those  deduced  by  Dr.  Wol- 
laston  from  the  experiments  of  Richtcr  and  Phillips. 

If  it  should,  hereafter,  be  unquestionably  established  that 
the  elements  of  the  compounds  of  nitrogen  and  oxygen  are 
truly  expressed  by  the  table  of  Gay  Lussac,  it  will  then  fol- 
low that  the  number  representing  the  atom  of  nitrogen  (oxy- 


O  representing  oxygen,  and  0  nitrogen. 
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gen  being  taken  at  8)  must  be  14,  or  (oxygen  being  10)  17 J 
In  this  determination,  it  is  taken  for  granted  that  the  tw« 
elements  exist  atom  to  atom  in  nitrous  oxide,  and  that  thii 
and  not  nitrous  gas,  is  the  true  binary  compound.  BotHj 
with  Mr.  Dalton,  we  suppose  nitrous  oxide  to  be  constituted 
of  two  atoms  of  nitrogen  to  one  of  oxygen,  we  must  thai 
express  the  weight  of  the  atom  of  nitrogen,  either  by  11  -J-J 
=  7f  or,  taking  oxygen  at  10,  by  17.5  h-  2  =  8. 75.  Itapi 
pears  to  me,  however,  most  probable,  that  the  former  view 
is  the  correct  one,  and  tliat 

Nitrous  oxide  consists  of  1  atom  of  nitrogen  +*  1  of  oxygen. 

Nitrous  gas 1  +  2      • 

Hypo-nitrous  acid  ....  1 +  3      

Nitrous  acid    1 •••••  +  4      

Nitric  acid  •••• 1 +  5      • •« 

It  is  obvious  that  as  the  five  compounds  of  nitrogen  aodf' 
oxygen,  which  have  been  already  descrilied,  contain  the  MUMJ 
elements,  and  diiier  only  in  their  proportion,  they  may  be 
converted  into  each  other,  by  adding  or  subtracting  a  doe 
proportion  of  oxygen,  'llius  nitric  acid,  by  contact  with 
some  of  the  oxidizabic  metals,  is  converted  into  nitrous  gai; 
and  nitrous  gas,  by  abstracting  a  farther  quantity  of  oxygcOi 
is  changed  into  nitrous  oxide.  Again,  by  adding  oxygen  to 
nitrous  gas,  it  may  be  reconverted  into  hypo-nitrous,  nitroii% 
or  nitric  acid,  according  to  the  proportion  of  oxygen  which  tf 
added,  and  the  circumstances  under  which  the  combination  ii 
effected. 

Protoxide  of  Nitrogen. — Nitrous  Oxide  of  Davy, 

1.  This  compound  of  oxygen  and  nitrogen  may  be  ob- 
tained by  several  processes: 

(a)  By  exposing  common  nitrous  gas  for  a  few  days  to  iron 
filings,  or  to  various  other  bodies  strongly  attracting  oxygen? 
the  former  gas  is  changed  into  nitrous  oxide. 

Some  nicety  and  experience  are  required  to  suspend  tbed^ 
composition  before  it  has  gone  too  far ;  in  which  case  nitrogen 
gas  is  obtained  along  with  nitrons  oxide.  Tlie  sulphite  of 
potash,  being  incapable  of  decomi^osing  nitrous  oxide,  is  bet- 
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tor  adapted  to  the  conversion  of  nitrous  gns  into  that  elastic 
bkl.  The  process,  in  all  cases,  may  be  suspended,  when 
about  two  tliirds  the  original  bulk  of  the  gas  are  left. 

[b)  By  dissolving  zinc,  or  tin,  in  nitric  acid,  diluted  with 
Ete  or  six  times  its  weight  of  water.  Zinc,  during  this  solu« 
tkn,  disengages  nitrons  oxide  till  the  acid  begins  to  exhibit  a 
hfownish  colour,  when  the  process  must  be  suspended,  as  ni- 
trons gas  is  then  formed.  But  by  neither  of  these  processes 
lithe  gas  obtained  sufficiently  pure  for  exhibiting  its  qualities. 
To  procure  it  in  a  state  of  purity,  the  following  process  is  the 
best  adapted. 

(c)  To  nitric  acid,  diluted  with  five  or  six  parts  of  water, 
add  carbonate  of  ammonia,  till  the  acid  is  saturated.  Then 
evaporate  the  solution  by  a  gentle  heat,  until  a  glass  rod  when 
dipped  into  it,  and  rapidly  coole<l,  is  found  to  have  acquired 
stolid  coating;  and,  to  supply  the  woslc  of  alkali,  add,  oc- 
osionally^  a  little  more  of  the  carbonate.  The  salt  obtained, 
ifter  the  solution  has  cooled,  is  next  to  be  put  into  a  glass 
retort,  and  distilled  with  a  sand-heat,  not  exceeding  440^ 
Pahr.*  The  heat  of  an  Argand's  lamp  is  more  than  suffi- 
cient, and  requires  cautious  regulation.  The  salt  will  pre- 
sently liquefy,  and  must  be  kept  gently  simmering,  avoiding 
tiolent  ebullition.  The  gas  may  be  collected  over  water,  and 
allowed  to  stand  a  few  hours  before  it  is  used,  during  which 
time  it  will  deposit  a  white  substance,  and  will  become  per- 
fectly transparent. 

A  gnzometer,  however,  is  best  adapted  for  its  reception,  be- 
cause ail  danger  is  then  avoided  of  the  water  of  the  trough  being 
forced  into  the  retort ;  and  because  the  gas  is  brought  into 
contact  with  a  much  smaller  surface  of  water,  which  has  the 
property  of  absorbing  a  considerable  proportion  of  the  gas. 
On  this  account,  water,  which  has  been  once  used  to  confine 
the  gas,  may  be  kept  for  the  same  purpose. 

The  changes  that  take  place,  during  the  conversion  of  ni- 


•From  ihe  obsenalions  of  Mr.  Sadler  (Nicholson's  Journal,  xv.  286), 
*t  appears  that  the  purity  of  the  nitrate  of  ammonia  is  of  considerable  jm- 
pQfiance;  and  that  its  adulteration  with  muriate  diminishes  the  quantity, 
^  impairs  the  quality  of  the  gat. 


909  O**   SIMPLE   4CI9IFI4PU  BODISS.         CHAP*  V| 

trate  of  ammonia  into  nitrous  oxidei  are  the  following :  Nitri 
acid  is  composed  of  oxygen  and  nitrous  gas ;  ammoniat  i 
hydrogen  and  nitrogen.  In  a  liigh  temperature,  th^  nitroii 
gas  combines  with  an  additional  dose  of  nitrogen,  and  form 
nitrous  oxide;  while  the  oxygen  of  the  decomposed  nitrj 
acid  unites  with  the  hydrogen  of  the  ammonia,  and  fomi 
water.  Water  amd  nitrous  oxide  are,  therefore,  the  ool^ 
results  of  the  careful  decomposition  of  nitrate  of  ammoni 
by  heat. 

The  gas,  thus  obtained,  was  termed,  by  its  discoverer  Df 
Priestley,  dephhgistkated  nitrous  air;  by  the  associated  Dutd 
chemists,  gaseous  oxide  of  azote.  Its  most  appopriate  title  k 
protoxide  ojf  nitrogen ;  but,  for  the  sake  of  brevity,  I  shall 
occasionally  use,  with  Sir  H.  Davy,  the  name  of  nitron 
oxide.* 

In  order  to  ascertain  whether  nitrous  oxide  be  adulterated 
with  either  common  air  or  oxygen  gas,  we  may  mix  equtl 
measures  of  the  gns  under  examination,  and  of  nitrous  gsf. 
If  any  diminution  ensue,  the  presence  of  one  of  these  may  be 
suspected;  and  the  amount  of  the  diminution  will  show  which 
of  them  is  contained  in  it.  Nitrous  gas,  however,  is  a  much 
more  common  contamination ;  for  it  is  generated,  along  with 
nitrous  oxide,  whenever  the  temperature  of  the  salt  is  raised  too 
high.  Its  presence  moy  be  detected,  either  by  red  fumes  andi 
diminution  on  the  admixture  of  oxygen  gas ;  or  by  an  absorp- 
tion being  effected,  on  agitating  the  gas  with  a  solution  of  green 
sulphate  of  iron,  which  has  no  action  on  pure  nitrous  oxide. 

IL  Nitrous  oxide  gas  has  the  following  properties  : 

(o)  It  is  considerably  heavier  than  common  air.  At  about 
55^  Fahr.  and  30  inches  pressure,  100  cubic  inches  weigh 
50.20  grains,  or  under  the  same  pressure,  and  at  G(f  Fahr. 
49.68.  (Davy.)  More  recently  Sir  H.  Davy  has  stated  100 
cubic  inches  to  weigh  between  4Sand  49  grains,  andhencciti 
specific  gravity  should  be  very  nearly  1.6.  Colin  makes  il 
only  1.5204,  or,  corrected  by  calculation,  1.5209 :  Dr.  Thom- 
son   1.5269:    and  Berzelius  and  Dulong   1.527S.     On  tli<i 


•  For  a  full  account  of  ihii  gas,  consuli  Sir  H.  Dav/i  Resnirchet,  OiP 
mical  aod  Philoaophtcal.    London.    JoboAon,  1109. 
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theory  that  it  is  coDitituted  of  one  volume  of  nitrogeni  and 
half  a  Yolume  of  oxygen,  100  cubic  inches  should  weigh  46^ 
gnins.^ 

(b)  Sir  H.  Davy,  by  passing  electric  sparks  for  some  time 
through  seven  measures  of  nitrous  oxide  over  mercury,  found 
it  reduced  to  6^  measures.  Tlie  residue  was  a  gas  analogous 
m  properties  to  atmospheric  air ;  and  sonic  nitrous  acid  was 
ilso  produced,    (Researches,  p.  282.) 

(r)  When  passed  through  a  porcelain  tube,  well  glazed  both 
inside  and  outside,  and  strongly  ignited  in  a  furnace,  a  gas 
cune  over  which  was  rendered  opake  by  dense  red  vapour, 
but  which,  after  the  spontaneous  condensation  of  this,  exhibited 
very  nearly  the  same  properties  as  atmospheric  air.  Neither 
this  mode  of  decomposition,  however,  nor  the  last,  furnishes 
results  sufficiendy  exact  to  give  any  insight  into  the  propor- 
tion of  the  components  of  nitrous  oxide. 

{d)  A  candle  burns  in  nitrous  oxide  with  a  brilliant 
flame  and  crackling  noise.  Before  its  extinction,  the  white 
inner  flame  becomes  surrounded  with  an  exterior  blue  one. 

{e)  Phosphorus,  introduced  into  it  in  a  state  of  inflamma- 
tion, burns  with  increased  splendour.  Phosphorus,  however, 
may  be  melted  and  sublimed  in  this  gas,  without  alteration. 
It  may  even  be  touched  with  red-hot  iron  wire,  without  being 
inflamed ;  but  when  wire  intensely  heated,  or  made  white-hot, 
is  applied,  the  phosphorus  burns,  or  rather  detonates,  with 
prodigious  violence. 

(/)  Sulphur,  introduced  into  nitrous  oxide  when  burning 
with  a  feeble  blue  flame,  is  instantly  extinguished ;  but  when 
in  a  state  of  an  active  inflammation,  it  burns  with  a  vivid  and 
beautiful  rose-coloured  flame. 

(g)  Red-hot  charcoal  burns  in  nitrous  oxide  more  brilliant- 
ly than  in  the  atmosphere.  When  the  experiment  is  made 
in  a  proper  apparatus,  the  results  of  its  combustion  are  found 
to  be  one  measure  of  nitrogen  gas  and  half  a  measure  of 
carbonic  acid  (equivalent  to  half  a  measure  of  oxygen)  from 
each  measure  of  nitrous  oxide.     It  must,  therefore,  consist  of 

*  DallOD,  Thomson's  Annals,  ix.  IQO. 
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59  parts  by  weight  of  nitrogen  and  SS.8  oxygen,*  or  it  must 
contain  by  weight 

Oxygen  ••••••••  S6.43  •  •  •  .100  •  •  •  •  57. 

Nitrogen  •••••••.  63.57  •  •  •  .H^  •  •  •  .100. 

100.  274         157. 

On  the  supposition  that  nitrous  oxide  is  constituted  of  one 
atom  of  nitrogen  and  one  of  oxygen,  this  would  mukc  the 
weight  of  the  atom  of  nitrogen  =  14;  for  as  57  is  to  100  so  is 

8  to  14. 

(A)  A  mixture  of  this  gas  with  hydrogen  gas  cletonotes 
loudly,  on  applying  a  lighted  taper,  or  passing  an  electric 
spark. 

When  the  proportion  of  hydrogen  is  nearly  equal  to  that 
of  nitrous  oxide,  or  as  39  to  40,  nitrogen  gas  only  remains 
after  the  explosion ;  but  when  the  proportion  of  hydrogen  is 
smaller^  nitric  acid  is  also  generated.  In  general  terms,  it 
may  be  stated  that  two  volumes  of  nitrous  oxide  require  for 
decomposition  two  volumes  of  hydrogen  gas,  and  leave  aflcr  , 
combustion  two  voUimes  of  nitrogen.  Now  we  know  tliat  two 
volumes  of  hydrogen  are  equivalent  to  the  saturation  of  one 
volume  of  oxygen,  which,  with  the  two  remaining  volumes  of 
nitrogen,  must  make  up  the  composition  of  two  volumes  of 
nitrous  oxide.  In  other  words,  one  volume  of  nitrous  oxide 
consists  of  one  volume  of  nitrogen  -f  half  a  volume  of  oxygen 
condensed  into  the  space  of  one  volume.  By  an  easy  calcu« 
lation,  founded  on  the  specific  gravity  of  its  elements,  these 
proportions  will  be  found  to  answer  to  1  atom  of  nitrogen 
weighing  14,  and  1  atom  of  oxygen  =  8;  its  representative 
number  will  therefore  be  22. 

Nitrous  oxide  forms,  also  (as  I  have  shown,  Philosophical 
Transactions,  1809,  page  444),  a  combustible  mixture  with 
ammoniacal  gas,  100  measures  of  the  latter  requiring  for  sa- 
turation 180  measures  of  nitrous  oxide. 


•  Two  hundred  cubic  inches  of  nitrogen  gas  weigh  50  grains,  and  100 
of  oxygen  weigh  33.8. 
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(0  Iron  wire  bums  in  this  gas  with  much  the  same  appear- 
ance as  in  oxygen  gas,  but  for  a  shorter  period* 

(k)  Nitrous  oxide  is  rapidly  absorbed  by  water  that  has  been 
previously  boiled,  about  one  thirtieth  the  original  bulk  of  the 
gas  remaining  uncondcnsed.  A  quantity  of  gas,  equal  to 
coDsiderably  more  than  nine-tenths  the  bulk  of  the  water,  may 
be  thus  made  to  disappear.  Tliis  property  furnishes  a  good 
lest  of  the  purity  of  nitrous  oxide ;  for  the  pure  gas  is  almost 
entirely  absorbed  by  boiled  water^  which  has  cooled  without 
the  access  of  air.  The  gas  employed  should  exceed  the  water 
three  or  four  times  in  bulk,  in  order  to  obtain  a  saturated  so- 


Water,  that  has  been  saturated  with  this  gas,  gives  it  out 
agun,  unchanged,  when  heated.  The  impregnated  water 
does  not  change  blue  vegetable  colours.  It  has  a  distinctly 
nreet  taste,  and  a  faint,  but  agreeable,  odour. 

(I)  Nitrous  oxide  is  not  diminished  by  admixture  with 
either  oxygen  or  nitrous  gas,  nor  is  it  altered  by  contact  either 
vith  chlorine  or  iodine. 

(m)  Nitrous  oxide  is  not  absorbed  by  alkalies ;  but  if  it  be 

brought  into  contact  with  them,  when  in  a  nascent  state,  or 

before  it  has  assumed  the  form  of  a  gas,  it  then  enters  into 

combination  with  alkaline  bases.     Thus,  when  a  mixture  of 

solpbite  of  potash  and  pure  potash  is  exposed  to  nitrous  gas, 

the  gas   is  de-oxidized  by  the  sulphite,   and   changed  into 

nitrous  oxide,  which  unites  with  the  alkali.  We  obtain,  there- 

bre,  a  mixture  of  sulphate  of  potash  with  a  compound  of 

nitrous  oxide  and  alkali,  the  former  of  which  may  be  separated 

by  priority  of  crystallization.  The  latter  is  composed  of  about 

three  parts  of  alkali,  and  one  of  nitrous  oxide.     It  is  soluble 

in  water ;  has  a  caustic  taste,  of  peculiar  pungency ;  and  con- 

▼erla  vegetable  blues  to  green.     Powdered  charcoal,  mingled 

with  it,  and  inflamed,  burns  with  bright  scintillations.     The 

nitrous  oxide  is  expelled  from  fixed  alkalies  by  all  acids,  even 

bjr  the  carbonic. 

{»)   Animals,    when    wholly    confined    in    this    gas,    die 

q)eedily. 

(o)  One  of  the  most  extraordinary  properties  of  this  gas  is 
exhibited  by  its  action  on  the  human  body,  when  received  into 

VOL.  !•  X 
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the  lungs.    When  thus  employed,  it  does  not  prove  fiitalt  be- 
cause, when  admitted  into  the  lungs,  it  is  mixed  and  diluted 
with  the  atmospherical  air  present  in  that  organ.     To  admi" 
nister  the  gas,  it  may  be  introduced  into  an  oiled  silk  bag 
or  clean  bladder,  furnished  with  a  stop-cock,   and  may  bf 
breathed  repeatedly  from  the  bag  and  back  again,  as  long  m 
it  will  last*     The  sensations  that  are  produced  vary  greadi 
in  pet  sons  of  different  constitutions ;  but,  in  general,  they  an 
highly  pleasurable,  and  resemble  those  attendant  on  the  eariy 
period  of  intoxication.     Great  exhilaration,  an  irresistiblt 
propensity  to  laughter,  a  rapid  flow  of  vivid  ideas,  and  fli 
unusual  fitness  for  muscular  exertion,  are  the  ordinary  fesk 
ings  it  produces.  These  pleasant  sensations,  it  must  be  addcd^ 
are  not  succeeded,  like  those  accompanying  tlie  grosser  elevs» 
tion  from  fermented  liquors,  by  any  subsequent  depression  of 
nervous  energy. 

Deutoxide  of  Niirogefu^^NUrous  Gas^  or  Nitric  Oxide.. 

This  gas,  through  discovered  by  Dr.  Hales,  was  first  dw- 
tinctly  examined  by  Dr.  Priestley,  and  called  by  him  nitnm 
aiTy  a  term  afterwards  changed  to  nitrous  gas,  then  to  mtric 
oxide,  and  more  lately  to  deutoxide  of  azote,  or  deutoxide  (f 
nitrogen  J  which  last  appears  to  be  its  most  appropriate  titfci 
It  is  so  generally  known,  however,  under  the  name  of  nitrooi 
gas,  that  I  shall  sometimes,  for  the  sake  of  brevity,  continoe 
so  to  call  it. 

Nitrous  gas  may  be  easily  obtained  by  pouring,  upon  filingi 
or  turnings  of  copper  contained  in  a  gas  bottle,  nitric  acid  of 
density  1.2  or  1.3,  without  applying  any  other  heat  than  that  oc- 
casioned by  the  action  of  tiie  acid  and  metal  on  each  other. 
Quicksilver  may  be  substituted  for  copper,  and  with  either  metd 
a  more  dilute  acid  may  be  employed,  but  in  the  latter  case  k 
will  be  found  necessary  to  apply  heat  to  the  materials.  Duriif 
this  process  part  of  the  nitric  acid  gives  oxygen  to  the  copper, 
and  passes  to  the  state  of  nitrous  gas ;  and  the  remainiBg 
acid  unites  with  the  deutoxide  of  copper,  and  composes  the 
deuto- nitrate  of  that  metal. 

The  properties  of  nitrous  gas  arc  the  following:— 

(a)  It  is  permanent  over  water ;  but  it  is  absorbed  in  tbe 
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proportion  of  aboot  1  volume  to  18  or  20,  when  agitated  with 
wtfer  which  has  been  recently  boiled,  and  has  become  cold* 
This  solotion,  according  to  La  Grange,  is  converted,  by  long 
bqiing,  into  nitrate  of  ammonia,  in  consequence  of  the  de- 
ampoution  of  the  water. 

Nitrous  gas  is  rather  heavier  than  common  air.  One  hun- 
dred cubic  inches  at  B5\  barometer  30%  were  stated  by  Sir 
H.  Davy  in  1800,  to  weigh  34.26,  or  at  60^  Fahr.  33.80 
j[rtins.  He  has  since,  however,  given  the  weight  of  100  cubic 
iidies  at  32  grains,  and  hence  its  specific  gravity  at  1.050. 
Benurd's  determination  is  considerably  lower;  viz.  1.0388  by 
operiment,  or  1.0364  corrected  by  calculation ;  Dr.  Thomson's 
L0«09;  and  Berzelius  and  Dulong's  does  not  exceed  1.001.* 

(()  When  well  washed  with  water,  it  is  not  acid.  It  will 
be  found  not  to  redden  the  colour  of  litmus.  This  may  be 
shown  by  introducing  a  piece  of  paper,  tinged  with  that  sub- 
itADce,  into  ajar  of  nitrous  gas,  standing  inverted  over  water. 
To  accomplish  this,  the  paper  should  be  fastened  to  the  end 
oft  glass  rod  or  a  piece  of  stick.  The  colour  will  remain 
SBcfaanged. 

(c)  It  extinguishes  flame,  and  is  fatal  to  animals.  Hom- 
berg^s  pyrophorus,  however,  is  inflamed  by  it;  and  charcoal 
md  phosphorus,  introduced  into  it  when  in  a  state  of  actual 
combustion,  continue  to  burn  vehemently. 

(d)  Mingled  with  hydrogen  gas,  it  imparts  a  green  colour 
to  its  flame.  It  does  not,  however,  explode  with  hydrogen  iii 
my  pn^portion,  nor  with  any  of  the  varieties  of  carbureted 
hydrogen.  But,  when  mixed  with  ammonia,  an  electric 
ipark  produces  a  detonation,  as  I  have  shown  in  the  Fhilo* 
sophical  Transactions  for  1809.  The  proportions,  required 
fi>r  mutual  saturation,  are  about  120  measures  of  nitrous  gas  to 
100  of  ammonia. 

{e)  When  mixed  with  oxygen  gas,  red  fumes  arise ;  heat  is 
efolvcd ;  a  diminution  takes  place ;  and  if  the  two  gases  be  in 
proper  proportion,  and  perfectly  pure,  they  disappear  entirely. 
Ten  measures  of  oxygen,  Mr.  Dal  ton  asserts,  may  be  made 
to  condense  any  quantity  of  nitrous  gas,  between  13  and  36 


*  Aoaales  do  Cliim.  et  do  Phjs.  torn.  xv. 
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measures,  accordingly  as  the  mixture  is  conducted ;  and  Gay 
Lussac  finds  that  100  measures  of  oxygen  gas  condense  over 
water  from  134  to  365  of  nitrous,  but  in  a  dry  glass  vessel  only 
204,  which,  allowing  for  inaccuracies,  may  be  stated  at  200. 
In  the  latter  case  the  totals  300  measures,  become  200  of  nitrous 
acid  vapour. 

{f)  The  same  appearances  ensue,  less  remarkably,  with 
atmospheric  air :  and  the  diminution  is  proportionate  to  the 
quantity  of  oxygen  gas  which  it  contains.  On  this  ]iroperty 
of  its  condensing  oxygen,  but  no  other  gas,  is  founded  the 
application  of  nitrous  gas  to  the  purpose  of  eudiometry^  or  of 
ascertaining  the  purity  of  air.  The  sources  of  error,  in  its 
employment  in  this  mode,  have  hitherto  been  considered  such, 
as  to  forbid  our  relying  implicitly  on  the  results  which  it  may 
afford.  Learning,  however,  from  Mr.  Dalton,  that  he  con- 
stantly employs  nitrous  gas  in  determining  the  purity  of  air, 
and  with  perfect  satisfaction  as  to  the  accuracy  of  his  results, 
I  have  obtained  from  him  the  following  communication.  It 
may  be  necessary  to  premise,  that  for  applying  nitrous  gas  to 
this  purpose,  two  tubes  will  be  found  convenient,  shaped  like 
fig.  24 ;  each  from  three  to  four  tenths  of  an  inch  in  diameter ; 
eight  or  nine  inches  long,  exclusive  of  the  funnel-shaped  part; 
and  accurately  graduated  into  minute  aliquot  parts.  What 
these  parts  are,  is  of  no  consequence.  Hundredth  parts  of  a 
cubical  inch  give  rather  too  large  divisions  of  the  scale ;  but 
if  each  of  these  be  divided  into  two,  the  scale  will  be  sufli- 
ciently  small.  If  the  tube  employed  be  not  long  enough  to 
comprise  100  of  these  parts,  the  experiment  may  be  made  on 
.50  parts  only  of  atmospherical  air;  and  the  results,  multiplied 
by  2,  will  give  the  proportion  in  100  parts. 

"  To  use  nitrous  gas  accurately  in  eudiometry,  it  is  only 
"  requisite  to  take  both  gases  in  a  dilute  state,  namely,  con- 
"  taining  four  or  five  times  their  bulk  of  azotic  gas  (which 
"  atmospheric  air  naturally  does),  or  of  any  other  gas  not 
"  acted  upon  by  nitrous  or  oxygen  gases.  In  this  case,  if  an 
excess  of  one  gas  be  used,  the  other  is,  in  a  few  minutes,  en- 
tirely taken  up,  and  in  a  constant  proportion ;  whatsoever 
"  may  be  the  form  of  the  vessel,  or  the  manner  of  mixing  tli9 
■«  gates.    The  proportion  is  1  of  oxygen  to  1,7  of  nitrous,  so 
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^that  ]0-27ih8  of  the  diminution  over  water  are  oxygen,  and 
**  17-27ths  nitrous  gas.  It  is  proper,  as  soon  as  the  greater 
''part  of  the  diminution  has  ensued,  to  transfer  the  mixture 
^  through  water  into  a  graduated  vessel,  without  using  any 
**  agitation. 

"  If  pure  nitrous  gas  be  admitted  to  pure  oxygen  gas  in  a 
**  narrow  eudiometer  tube,  so  that  the  oxygen  gas  is  upper- 
"  most,  the  two  unite  very  nearly  in  the  same  uniform  pro- 
"  portion  as  above.  If,  on  the  other  hand,  the  nitrous  be 
^'tlie  upper  gas,  a  much  less  quantity  of  it  disappears,  viz, 
"1.24  nitrous  to  one  oxygen.  If  undiluted  nitrous  gas  be 
**  admitted  to  pure  oxygen  gas,  in  a  wide  vessel  over  water, 
''the  whole  effect  takes  place  immediately;  and  one  measure 
"of  oxygen  will  condense  3.4  nitrous  gas. 

^  To  render  this  rule  more  intelligible,  an  example  may 
"  be  necessary.  Let  100  measures  of  common  air  be  admitted 
"to  100  measures  of  a  mixture  of  nitrous  gas,  with  an  equal 
"Tolame  of  azotic  or  hydrogen  gas.  After  standing  a  few 
"minutes  in  the  eudiometer,  there  will  be  found  144  measures. 
"The  loss  56  being  divided  by  the  common  divisor,  2.7,  gives 
"21  nearly  for  the  oxygen  gas  present  in  100  measures  of 
"common  air." 

To  these  directions  I  may  add,  that  when  atmospherical  air 
isllie  subject  of  experiment,  it  is  scarcely  necessary  to  dilute 
the  nitrous  gas,  with  any  other  gas,  previously  to  its  use.  If  a 
number  of  experiments  be  made,  it  will  be  proper,  in  all  cases, 
to  let  the  gases  remain  together  the  same  definite  time  (say  10 
minutes)  before  noting  the  diminution ;  and  it  is  needless  to 
transfer  them  into  another  vessel.  If  the  mixed  gas,  under 
examination,  contain  much  more  oxygen  than  is  present  in 
atmospherical  air,  then  it  is  proper  to  dilute  the  nitrous  gas 
with  an  equal  bulk  of  nitrogen  or  hydrogen  gas;  and,  in  this 
case,  the  narrower  the  tube  in  which  the  experiment  is  made, 
the  more  accurate  will  be  the  result. 

Subsequent  experience  has  convinced  me  that  the  method^ 
proposed  by  Mr.  Dalton,  though  sufficiently  correct  when 
applied  to  a  mixture  of  the  same,  or  nearly  the  same,  standard 
as  the  atmosphere,  cannot  be  relied  on,  when  the  proportion 
pf  oxygen  is  either  considerably   greater  or  less.     In   the 
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former  case,  the  process  gives  too  great  a  elimination,  lonie- 
times  indeed  to  such  iin  extent  as  to  indicate  more  oxygen 
ga?,  than  the  whole  amount  of  what  was  submitted  to  experi- 
menL  When  the  air,  on  which  we  are  operating,  u  of  an 
inferior  standard  to  the  atmosphere,  we  do  not  leam  its  full 
proportion  of  oxygen.  Notwithstanding  these  objections, 
however,  the  method  has  considerable  vahie,  since  it  may  be 
applied  to  determine  the  proportion  of  oxygen  in  some  mixed 
gases,  to  which  other  cudiometrical  tests  are  not  applicable ; 
for  example,  to  mixtures  of  hydro- carburet  and  oxygen 
gases. 

The  application  of  nitrous  gas  to  eudiometrical  purpows, 
it  has  been  observed  by  Gay  Lnssac,  is  susceptible  of  perfect 
accuracy,  provided  certain  precautions  be  obser\-ed  which  he 
has  pointed  out,  and  which  were  suggested  by  his  theo- 
retical views  of  the  constitution  of  these  gases.  A  narrow 
tube  he  finds  to  be  unfit  for  an  eudiometer,  his  object  being 
to  form  nitrous  acid  gas,  which  is  but  slowly  absorbed  by 
water.  Instead  therefore  of  n  narrow  tube,  we  must  take  a 
wide  vessel,  such  as  a  small  tumbler  glass;  and  to  100  parts 
of  atmospheric  air,  previously  measured,  we  must  add  at  once 
100  measures  of  nitrous  gas.  A  red  fume  ivill  appear,  which 
will  soon  be  absorbed  without  agitation,  and  in  half  a  minute, 
or  a  minute  nt  most,  the  absorption  will  be  complete.  Pass 
the  residuum  into  a  graduated  tube,  and  it  will  be  found, 
almost  invariably,  that  Hi  measures  have  disappeared.  Di- 
viding this  number  by  4,  wc  have  21  for  the  quantity  of 
oxygen  condensed. 

By  a  series  of  experiments  on  mixtures  of  oxygen  and 
-aitnigen  gases  in  various  proportions,  Gay  Lussoc  found  that 
I  endiometrical  piocoss  may  be  depen<le<l  upon,  whether 
n  exceed  or  fall  short  considerably  of  the  prc^rtion 
'K  tfmospheric  air. 

ration  of  nn  acid,  by  the  admixture  of  nitrous 
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piper.  The  colour  of  the  litmus  ivill  remain  unchanged ; 
baty  on  adding  atmospheric  air  or  oxygen  gas,  it  will  be  im« 
■ediately  reddened. 

(A)  The  acidy  thus  produced,  is  either  nitrous  or  hypo-nitrous, 
according  to  the  circumstances  of  the  experiment,  the  pre- 
KDce  of  water  favouring  the  production  of  the  latter,  and  its 
absence  promoting  that  of  nitrous  acid.*  The  nature  of  the 
product  may  be  shovm,  in  a  general  way,  as  follows :  Into  a 
jar,  filled  with  and  inverted  in  mercury,  pass  a  small  quantity 
of  a  solution  of  pure  potash ;  and,  afterward,  measures  of 
oxygen  and  nitrous  gases,  separately,  and  in  proper  proportion. 
On  removing  the  solution  from  the  jar,  exposing  it  for  some 
time  to  the  atmosphere,  and  afterward  evaporating  it,  crystals 
of  nitrate  of  potash  will  be  formed,  a  salt  which  is  ascertained 
to  be  formed  of  potash  and  nitric  acid. 

(t)  Nitrous  gas  is  decomposed  by  exposure  to  almost  all 
bodies  that  attract  oxygen.  Thus,  iron  filings  decompose  it, 
and  become  oxydized,  affording  a  proof  of  the  presence  of 
o^gen  in  this  gas.  During  this  process,  water,  ammonia, 
and  nitrous  oxide,  in  the  proportion  of  one  volume  from  two 
of  nitrous  gas,  are  generated.  Sulphuret  of  potash,  &c.,  have 
a  similar  efiect.  Sulphuret  of  bar^'tes  gives  one  half  its 
Tolnme  of  nitrogen.  Mixed  with  sulphurous  acid,  nitrous 
gas  is  decomposed,  and  this  acid  is  changed  into  the  sul- 
phuric, but  not  unless  water  is  present.^  Nitrous  gas  does 
not,  with  hydrogen  gas,  afford  a  mixture  that  can  be  exploded 
hj  the  electric  spark ;  but  with  ammoniacal  gas  it  may  be  fired 
in  a  Volta's  eudiometer  over  mercury.  The  oxygen  of  the 
nitrous  gas  unites  with  the  hydrogen  of  the  ammonia,  and  the 
nitrogen  of  both  gases  is  set  at  liberty. 

Bodies,  that  have  a  still  more  powerful  affinity  for  oxygen, 
decompose  nitrous  gas  into  its  ultimate  elements.  Charcoal 
ignited  in  100  measures,  gives  50  measures  of  nitrogen  gas, 
and  50  of  carbonic  acid.  Arsenic,  zinc,  or  potassium,  when 
heated  in  it,  evolve  half  its  volume  of  nitrogen.  Nitrous  gas 
should  consist,  therefore,  of  1  volume  of  oxygen  +  1  volume 


•  Dalton,  in  Tliomson's  Annals,  x.  39. 
t  Nicholson's  Journal,  vi'iu  43* 
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of  nitrogen^  neither  of  which  elements  is  in  a  state  of  con- 
densation. We  may  therefore  consider  nitrous  gas  as  consti- 
tuted of  one  atom  of  nitrogen  =  14,  and  two-atoms  of  oxygen 
=  16,  and  its  representative  number  will  be  SO.  Its  com- 
position then  is 

Vols.  By  weight. 


Nitrogen.  •••     1      46.60     100 

Oxygen 1      53.40     114 


2  100.  214 

No  distinct  information  is  obtained  respecting  the  consti- 
tution of  nitrous  gas  by  the  long  continued  action  of  elec- 
tricity. One  half  the  azote,  according  to  Mr.  Dalton,  is 
liberated,  and  the  remainder  unites  with  the  evolved  oxygen 
and  composes  nitrous  acid  (System,  p.  334.) 

{k)  Nitrous  gas  and  chlorine,  when  both  perfectly  dijt 
have  no  action  whatsoever  on  each  other ;  but,  if  water  be 
present,  there  is  an  immediate  decomposition,  its  hydrqgeo 
combining  with  the  chlorine  to  form  muriatic  acid,  and  its 
oxygen  with  the  nitrous  gas  to  form  nitrous  acid. 

(Q  Niirous  gas  is  absorbed  by  the  green  sulphate  and  mu- 
riate of  iron,*  which  do  not  absorb  nitrogen  gas.  To  ascer- 
tain, therefore,  how  much  nitrogen  gas  a  given  quantity  of 
nitrous  gas  contains,  let  it  be  agitated  in  a  graduated  tube  with 
one  of  these  solutions.  This  analysis  is  necessary,  previously 
to  deducing,  from  its  effects  on  atmospheric  air,  the  proportion 
of  oxygen  gas ;  for  we  must  subtract  from  the  residuum  the 
quantity  of  nitrogen  introduced  by  the  nitrous  gas. 

From  the  important  use  which  is  now  made  in  eudiometry 
of  this  solution  of  nitrous  gas  in  sulphate  of  iron,  it  may  be 
proper  to  describe  the  mode  of  its  preparation. 

Dissolve  as  much  of  the  green  sulphate  of  iron  in  water  as 
the  water  will  take  up,  or  dissolve  iron  filings  in  sulphuric 
acid,  diluted  with  five  or  six  parts  of  water,  leaving  an  excess 
of  the  iron,  in  order  to  ensure  the  perfect  saturation  ol  the 
acid.     Fill  a  wide-mouthed  bottle  with  this  solution,  invert  it 

— — I  -  ^"    — —^^^^^^^ 

*  For  an  account  of  these  salts^  see  chnp.  ix.  sect.  16. 
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in  a  cupful  of  the  same^  and  into  the  inverted  bottle  receive 
the  nitrous  gas,  as  it  is  generated  by  the  proper  materials, 
shaking  the  inverted  bottle  frequently.  The  colour  of  this 
solution  will  be  changed  to  black,  and  the  production  of  gas 
and  the  agitation  are  to  be  continued,  till  the  absorption  can  be 
carried  no  farther.  The  impregnated  solution  should  be  pre- 
served in  a  number  of  small  bottles,  not  holding  more  than 
an  ounce  or  two  each.  The  most  commodious  method  of 
applying  this  solution,  is  by  means  of  Dr.  Hope's  eudi- 
ometer, already  described. 

Of  Hypo^nitnms  Acid. 

When  400  measures  of  nitrous  gas  and  100  measures  of 
oxygen  (in  which,  taken  together,  the  nitrogen  and  oxygen 
are  to  each  other  by  measure  as  100  to  150)  are  mixed  toge- 
ther over  a  solution  of  potash  confined  by  mercury,  we  obtain 
100  measures  of  a  compound,  called  by  Gay  Lussac  per- 
nitrous  acid,*  Mr.  Dalton,  who  obtained  it  several  years  ago, 
and  then  considered  it  as  nitrous  acid,  proposed  to  call  it 
sitt-niirous  acid;f  but  the  name  hypo-nitrous  seems  to  me 
more  conformable  to  the  analogy  of  similar  acids  having  sul- 
phur and  phosphorus  for  their  basis.  This  new  compound  is 
so  far  hypothetical,  that  it  has  never  yet  been  exhibited  in  a 
separate  form ;  for  when  a  stronger  acid  is  added,  to  expel 
it  from  the  potash,  it  is  resolved  into  nitrous  gas  and  nitrous 
acid. 

Hypo-nitrous  acid  is,  also,  frequently  generated,  when 
nitrous  and  oxygen  gases,  or  nitrous  gas  and  common  air, 
are  mingled  together  in  cudiometrical  processes.  At  the 
same  time  nitrous  and  nitric  acids  are  produced,  in  propor- 
tions to  the  hypo-nitrous  and  to  each  other,  which  are  modified 
by  the  circumstances  of  the  experiment.^ 

Calculating  from  the  proportions  of  its  elements  and  their 
state  of  condensation,  100  cubic  inches  of  hypo-nitrous  acid 


♦  Ann.  de  Chim.  et  Phys.  i.  400.  f  Thomson's  Annals,  vol.  ix. 

J  Dalton,  Thoroson's  Annals,  x.  83. 
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gas  must  weigh  80.2  grains;  and  it  must  consist  in  100 
grains  of 

Vols.  Atoms.  B^  weight. 

( ^ \ 

Nitrogen 1       ....   1    ....  S6.8    ....  100 

Oxygen 1 .5    ....  3    ....  63.2    ....  171.74 

2.5  100. 

Hypo-nitrous  acid  unites  with  sulphuric  acid,  either  con- 
centrated or  a  little  diluted,  and,  at  a  moderate  temperature, 
the  compound  forming  elongated  four-sided  prisms.  These 
crystals,  and  even  the  liquid  in  which  they  shoot,  give 
nitrous  g^s  when  brought  into  contact  with  water.  A  similar 
solid  is  obtained  by  passing  nitrous  acid  vapour  into  sulphuric 
acid  ;  and  it  appears,  also,  to  be  identical  with  the  crystalline 
solid  formed,  by  Clement  and  Desormes,  by  the  mixture  of 
oxygen  gas,  sulphurous  acid,  nitrous  gas,  and  the  vapour  of 
water.  The  last-mentioned  compound  had  been  supposed 
to  consist  of  nitrous  gas  and  sulphuric  acid ;  but  sufficient 
reasons  have  been  given  by  Gay  Lussac  for  the  new  view  of 
it,  which  has  just  been  stated. 

Nitrous  Acid. 

It  has  been  a  subject  of  controversy  whether  an  acid,  en- 
titled to  this  denomination,  and  holding  the  same  relation  to 
the  nitric,  which  the  sulphurous  bears  to  the  sulphuric,  has 
really  existence ;  but  it  is  now  generally  admitted,  that  the 
nitrous  acid  is  as  much  a  distinct  and  peculiar  compound  as 
any  other  of  the  compounds  of  nitrogen. 

The  proportions  of  its  elements  have  been  investigated  by 
Sir  H.  Davy,*  who  finds  that  two  measures  of  nitrous  gas 
and  one  of  oxygen  (=1  volume  of  nitrogen  and  2  of  oxygen), 
both  freed  from  moisture,  and  mixed  together  in  a  vessel 
previously  exhausted  of  air,  are  condensed  into  half  their 
volume,t   and   form   a   deep    orange^ coloured   elastic    fluid, 


•  Elements  of  Chem.  Philosophy. 

f  Gay  Lussac  states  the  condensation  at  two  thirds  of  the  volume  of  the 
mixture.     Ann.  de  Chim.  et  Phys.  i.  403. 
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vhich  may  be  called  nitrous  add  gas.    It  has  the  following 
pn^rties : 

A  taper  bums  in  it  with  considerable  brilliancy.  Sulphur 
when  inflamed  does  not  continue  to  burn  in  it ;  but  phosphorus 
boms  vividly.  Charcoal  continues  to  bum  in  it  with  a  dull 
led  light.  Water  absorbs  it,  and  gains  a  tint  of  green.  It 
reddens  litmus  paper,  has  a  sour  taste,  a  strong  smell,  and 
tnras  animal  substances  yellow.  One  hundred  cubic  inches, 
calculating  from  the  condensation  of  its  elements  assumed  by 
Davy,  must  weigh  65.S  grains,  at  mean  temperature  and 
pressure,  and  it  must  contain  in  100  grains, 

Nitrogen....  dO.S2    ....  100   ....     40.4* 
Oxygen 69.68    ....  230    ....  100. 

100. 

Its  atomic  constitution  is  1  atom  of  nitrogen  =  H,  +4 
atoms  of  oxygen  =  32,  and  its  representative  number  is  46 ; 
or  in  volumes  it  consists  of  one  of  nitrogen  and  two  of 
oxygen  condensed  into  the  space  of  one  volume. 

To  form  liquid  nitrous  acid,  nothing  more  is  necessary 
than  to  saturate  water  with  this  vapour.  The  water  becomes 
first  green,  then  blue,  and  finally  an  orange  colour  more  or 
less  deep.  The  latter  may  be  brought  to  the  state  of  green  or 
blue  by  adding  more  or  less  water.  Hence  the  colour  de- 
pends merely  on  the  circumstance  of  density. 

The  properties  of  liquid  nitrous  acid,  Bcrzelius  remarks,* 
differ  from  those  of  nitric  acid ;  for  while  the  latter  boils  at 
236°,  nitrous  acid  of  the  same  density  boils  at   160^     The 
purely  acid  part  he  infers   to  be  composed  of  36.9  nitrogen 
+  63.1  oxygen.     Willi  bases,  it  forms  a  class  of  salu,  which, 
be  asserts,  differ  entirely  from  those  containing  nitric  acid. 
On  the  otlier  hand,  we  have  the  testimony  of  Gay  Lussac,  that 
the  nitrous  acid  is  decomposed  with  so  much  facility  by  con- 
tact with  alkaline  solutions,  as  to  be  incapable  of  forming  a 
distinct  class  of  salts.     With  solution  of  potash,  for  example, 
lie  found  that  it  affoi'ds  pernitrile  and  nitrate,  but  nothing 
that  can  properly  be  called  a  nitrite  of  potash  .f 


•  13  Ann.  de  Cbim.  10.  f  Aim.  de  Chim.  et  Pbys.  i.  409. 
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Nifric  Add. 

!•  The  direct  combination  of  nitrogen  and  oxygen,  afibrd- 
ing  a  decisive  synthetic  proof  of  the  nature  of  this  acid,  may 
be  effected  by  passing  electric  sparks  througli  a  mixture  of 
nitrogen  and  oxygen  gases.  Tlie  experiment  is  an  cxtrcmdy 
laborious  one,  and  requires,  for  its  performance,  a  powerful 
electrical  machine ;  but  those  who  are  disposed  to  repeat  if, 
may  proceed  as  follows : 

Let  the  tube,  fig.  84,  c,  be  filled  with,  and  inverted  in,  mer- 
cury. Pass  into  it  a  portion  of  atmospherical  air,  or  an  arti- 
ficial mixture  of  nitrogen  and  oxygen  gases,  in  the  proportion 
of  one  of  the  former  to  two  of  the  latter. — Let  an  iron  wire, 
lengthened  out  with  one  of  platinum,  be  introduced  within 
the  tube,  so  that  the  latter  metal  only  may  be  in  contact  with 
the  mixed  gases;  and  let  the  end  of  this  wire  be  distant  about 
one  fourth  of  an  inch  from  the  extremity  of  the  upper  con- 
ducting one.  When  the  apparatus  is  thus  disposed,  pass  a 
series  of  electric  sparks  or  shocks  through  the  gnses  for  several 
hours.  The  mixture  will  be  diminished  in  bulk  ;  will  redden 
litmus-paper  when  enclosed  in  it;  and  will  exhibit  distinctly 
the  smell  of  nitrous  acid.  If  the  experiment  be  repeated, 
with  the  addition  of  a  few  drops  of  solution  of  potnsh,  in  con- 
tact with  the  gases,  we  shall  obtain  a  combination  of  nitric 
acid  with  potash. 

This  interesting  experiment  on  the  generation  of  nitric  acid 
we  owe  to  Mr.  Cavendish,  who  discovered  the  fact  in  \h^ 
year  1785.*     The  proportions,  which  he  found  to  be  neces — 
sary  for  mutual  saturation,  were  five  parts  of  oxygen  gas  anc 
three  of  common  air,  or  seven  parts  of  oxygen  gas  to  ih 
of  nitrogen  gas.    The  acid,  thus  obtained,  being  constituted  o 
100  measures  of  nitrogen  +  233  oxygen,  appears  therefore  t 
have  been  intermediate  between  nitrous  and  nitric  acid,  or*^ 

more  probably  consisted  of  both  those  acids  in  a  state  of  mix 

ture.     No  evolution  either  of  light  or  heat  attends  this  com 

bination,  which  is  very  slowly  and  gradually  effected. 

Pure  nitric  acid  then  is  to  be  considered  as  a  gaseous  boilv,  ^ 


•  Philosophicnl  Transactions,  Uxv. 
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having  the  specific  gravity,  compared  with  that  orcommon  air, 
of  2.440.  One  hundred  cubic  inches,  according  to  Sir  H. 
Davy,  weigh  76  grains  at  65^  Fahr.  and  under  SO  inches 
pressure,  or,  corrected  to  the  temperature  of  60^  Fahr.,  75.21 
grains.  According  to  the  experiments  of  Sir  H.  Davy,  pub- 
lished in  1800,  it  is  composed,  in  100  grains,  of  29-^  azote, 
and  70^  oxygen.  Tliis  approximation  differs  but  little  from 
the  proportions  deducible  from  the  synthetic  experiments  of 
Cavendish,  viz.  27.8  nitrogen  to  72.2  oxygen.  The  later  re- 
sults of  Sir  H.  Davy  have  led  him,  however,  to  believe,  that 
4  in  volume  of  nitrous  gas  and  2  of  oxygen  gas,  when  con- 
densed in  water,  absorb  1  in  volume  of  oxygen  to  become 
nitric  acid.  We  have  then  2  volumes  of  oxygen  (contained 
in  i  of  nitrous  gas)  +2+1  =  5  volumes  of  oxygen,  to  2 
of  nitrogen,  or  2^  volumes  oP oxygen  to  one  of  nitrogen,  for 
the  constituents  of  nitric  acid  in  a  gaseous  state ;  and  esti- 
mating the  oxygen  gas,  existing  in  nitrous  gas,  at  one  half 
its  volume,  and  taking  the  specific  gravities  of  oxygen  and 
nitrogen  gases  at  the  numbers  already  given,  100  parts  by 
weight  of  nitric  acid  will  consist  of 

Oxygen 74.13 286 

Nitrogen 25.87 100 

100.  386 

In  investigating  what  number  should  be  used  as  the  equi- 
valent of  nitric  acid.  Dr.  Wollaston  was  led  to  inquire  into 
the  composition  of  that  acid;  and,  from  his  own  experiments, 
and  those  of  Richter  and  Phillips,  he  infers  tlie  oxygen,  which 
nitric  acid  contains,  to  be  by  weight  to  the  nitrogen,  as  50 
to  17.54.  Hence  nitric  acid,  as  it  c^xists  in  nitre,  will  be 
composed,  by  weight,  of 

Oxygen 74.03 100 285 

Nitrogen 25.97 35 100 

100.  135  385 

By  an  easy  calculation,  it  will  be  found  that  the  nitrogen, 
in  100  grains  of  nitric  acid  tl«us  constituted,  is  equal  in  vo- 
lume to  88  cubic  inches,  and  the  oxygen  to  219.  But  as  88  to 
2 19|  so  is  100  to  249;  and  on  this  view  of  ilie  nitric  acid,  it  is 
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composed  of  1  volume  of  nitrogen  and  ^^  volumes  of  oxygeoy 
which  agrees  with  the  result  of  Sir  H.  Davy,  and  widi  the 
latest  determination  of  Gay  Lussac*  Nitric  acid,  then,  wUl 
consist  of  5  atoms  of  oxygen  =  40,  and  1  atom  of  nitrogen  a 
14;  and  its  atom  will  weigh  54. 

The  formation  of  liquid  nitric  acid,  by  the  direct  ankm  of 
t)xygen  and  nitrogen  gases,  or  even  by  condensing  oxygen 
and  nitrous  gases  into  water,  is  a  process  too  tedious  to  be 
practicable  on  the  large  scale.  The  following  is  the  method 
commonly  employed  for  obtaining  liquid  nitric  acid. 

Process  for  fjreparing  Liquid  Nitric  Acid. 

Tnto  a  glass  retort,  which  may  be  eidier  tubulated  or  not, 
put  four  parts  by  weight  of  nitrate  of  potash,  reduced  to  a 
coarse  powder,  and  pour  upon  it  three  parts  of  concentrated 
sulphuric  acid.  Apply  a  tubulated  receiver,  of  large  capacity, 
between  which,  and  the  retort,  an  adopter  may  be  interposed; 
these  junctures  being  luted  with  a  mixture  of  pipe-clay,  sifted 
sand,  and  cut  tow  or  flax. — To  the  tubulure  of  the  receiver, 
a  glass  tube  may  be  fixed  by  means  of  the  fat  lute,  and  may 
terminate  in  another  large  receiver,  containing  a  small  quan- 
tity of  water. 

If  the  operator  wishes  to  collect  the  gaseous  products  also, 
this  second  receiver  should  be  provided  with  a  tubulure,  to 
which  a  bent  pipe  may  be  luted,  terminating  under  one  of  the 
inverted  funnels  in  the  shelf  of  the  pneumatic  trough.  Apply 
heat  to  the  retort,  through  the  intervention  of  a  sand-bath. 
The  first  product,  that  passes  into  the  receiver,  is  generally  of 
a  red  colour,  and  of  a  smoking  quality.  These  appearances 
gradually  diminish  ;  and  if  the  materials  used  were  clean,  the 
acid  will  come  over  pale,  and  even  colourless.  Afterwards 
it  gradually  re-assumes  a  red  colour,  and  smoking  pro|ierty«> 
These  appearances  go  on  increasing  till  the  end  of  the  opera- 
tion ;  and  the  whole  product,  mingled  together,  has  either  a* 
yellow  or  an  orange  colour,  according  to  the  temperatunr 
employed. 

Tlie  proportions,  recommended  in  the  new  London  Phar— 


*  Adq.  de  Chim,  et  Pliys.  i.  404. 
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macopoeia  for  the  preparation  of  nitric  acid,  are  two  pounds 
of  nitrate  of  potash,  deprived  by  heat  of  its  water  of  crystal- 
lization, and  two  pounds  of  sulphuric  acid.  These  are  directed 
to  be  mixed  in  a  glass  retort,  and  distilled  in  a  sand-bath, 
until  a  red  vapour  arises.  The  acid  in  the  receiver  is  to  be 
mixed  with  an  ounce  of  nitrate  of  potash,  and  again  distilled 
in  a  similar  manner.  After  the  second  distillation,  its  specific 
gravity  is  1 .500 ;  and  one  fluid-ounce,  Mr.  Phillips  finds,  de- 
composes 476  grains  of  marble.  But  he  objects  to  the  propor- 
tion of  sulphuric  acid,  in  the  process  of  the  College,  as  un- 
necessarily large,  ir,  however,  it  be  required  to  decompose 
the  whole  of  any  portion  of  nitre,  it  is  necessary  to  use  as 
much  sulphuric  acid,  as  will  form,  with  the  alkali  of  the 
nitre,  hi'Sulphate  of  potash,  viz,  97  parts  of  acid,  of  density 
1.85,  to  100  parts  of  nitre. 

The  nitric  acid,  which  first  passes  over,  has  the  greatest 
specific  gravity.  In  an  experiment  of  Dr.  Perceval  of  Dublin, 
the  product  was  taken  in  three  portions ;  the  first  of  which 
had  the  specific  gravity  of  \A9^i  the  second  of  1.485,  and 
the  third  of  1.442.*  Gay  Lussac,  by  two  successive  distilla- 
tions of  nitric  acid  of  specific  gravity  l.S  from  four  times  its 
weight  of  sulphuric  acid,  brought  it  to  the  density  of  1.510. 
In  this  state,  he  found  it  to  be  decomposed  by  heat  or  light 
with  extraordinary  facility .f 

In  the  large  way,  and  for  pui*poses  of  the  arts,  it  is  usual 
to  substitute  earthen  or  cast-iron  retorts,  made  extremely  thick, 
for  those  of  gloss.  An  earthen  head  is  adapted,  and  this  is 
connected  with  a  range  of  proper  condensors.  The  strength 
of  the  acid  is  varied  also,  by  putting  more  or  less  water  into 
the  receiver.  What  is  called  double  aqua  fortis  varies  in  its 
specific  gravity  from  l.S  to  1.4. 

Nitric  acid,  obtained  by  this  process,  is  never  perfectly  pure. 
It  contains,  generally,  both  sulphuric  and  muriatic  acids ;  the 
former  of  which  is  indicated  by  a  white  precipitate,  on  adding 
a  solution  of  nitrate  of  barytes  to  a  little  of  the  acid  diluted 
with  8  or  10  parts  of  water;  and  the  latter,  by  a  milkiness 
produced  by  nitrate  or  sulphate  of  silver.  The  sulphuric  acid 
may  be  separated,  either  by  a  second  distillation  from  a  por- 

*  Transactions  of  the  Irish  Acaderoj^  iv.  37. 
t  Ado.  de  Cfaim.  et  Phjt.  vol.  i. 
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lion  of  very  pure  nitre,  equal  in  weight  to  one  eighth  of  that 
originally  employed,  or  by  adding  nitrate  of  barytes ;  allow- 
ing the  precipitate  to  settle ;  decanting  the  clear  liquid^  and 
distilling  it  Muriatic  acid  is  separated  by  the  addition  of 
nitrate  of  silver.  An  immediate  milkiness  ensues,  and  fresh 
additions  must  be  made  of  nitrate  of  silver,  as  long  as  it  occa- 
sions this  appearance.  Then  allow  the  precipitate  to  subside; 
decant  the  clear  liquid,  and  re-distil  it ;  leaving  one  eighth  or 
one  tenth  in  the  retort.  The  product  will  be  pure  nitric  acid. 
Nitrate  of  lead  may  be  substituted  for  nitrate  of  silver.*  The 
nitric  acid  may  also  be  obtained  free  from  muriatic  acid,  if  a 
perfectly  pure  nitrate  of  potash  be  employed  for  distillation. 
This  purification  is  effected  by  repeated  solutions  of  the  nitre 
in  boiling  distilled  water,  and  re-crystallizations. 

Nitric  acid,  obtained  in  this  manner,  is  defective  also  in 
another  respect ;  for  it  is  not  perfectly  oxygenated,  but  holds 
in  solution  a  considerable  quantity  of  nitrous  gas  or  nitrooi 
acid.  To  expel  the  latter,  put  the  acid  into  a  retort,  to  which 
a  receiver  is  applied,  the  two  vessels  not  being  luted,  but 
joined  merely  by  paper.  Apply  a  very  gentle  heat  for  several 
hours  to  the  retort,  changing  the  receiver  as  soon  as  it  be* 
comes  filled  with  red  vapours.  The  nitrous  gas  will  thus  be 
expelled,  and  the  nitric  acid  will  remain  in  the  retort  in  a 
state  of  purity,  and  ns  limpid  and  colourless  as  water.  It 
must  be  kept  in  a  bottle  secluded  from  the  light. 

One  hundred  parts  of  nitrate  of  potash,  according  to  La 
Grange,  yield  by  this  process  4<3  of  acid,  or,  according  to  my 
experience,  above  50;  but  if  the  process  of  the  College  be 
followed,  100  of  fused  nitre  afford  about  66^  of  acid.  Even 
this,  however,  is  not  the  whole  of  what  was  contained  in  the 
salt ;  for  a  part  is  decomposed  by  the  temperature  necessary 
to  the  operation.  Accordingly,  a  large  quantity  of  oxygen 
gas  is  disengaged  during  the  distillation,  and  may  be  collected 
by  an  obvious  addition  to  the  apparatus. 

In  the  retort,  there  remains  a  compound  of  |>otash  with 
more  sulphuric  acid  than  is  essential  to  its  saturation,  or  a 
bi-sulphate  of  potash.  On  submitting  this  to  a  pretty  strong 
heat,  the  excess  of  sulphuric  acid  is  expelled ;  and  the  residue, 


•  See  Nich6Uou*s  Journal^  xi.  td4. 
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dissolred    and  evaporated,  affords   crystallized   sulpbatc  of 
potash. 

Properties  of  Liquid  Nitric  Acid. 

The  liquid  uitric  acid  has  tlie  following  properties : 
(a)  It  is  heavier  than  water,  in  the  proportion  of  1 .5  or 
upwards  to  1.  Px'oust  obtained  it  as  high  as  1.62  ;  and  the 
specific  gravity  of  real  nitric  acid,  which  cannot,  however,  be 
obtained  sepai'ately,  may  be  calculated  at  1.75.  In  its  heaviest 
form,  it  still  contains  a  portion  of  water,  which  is  essential  to 
its  existence  in  a  liquid  state,  and  without  which  its  elements 
would  separate  from  each  other.  In  acid  of  the  sp.  gr.  1.50, 
the  water  amounts,  calculating  from  the  data  furnished  by  Dr. 
Wollaston,  to  25.1 1  grains  in  100  grains  of  acid ;  or,  accord- 
ing to  Mr.  R.  Phillips,  to  25.09.  According  to  Sir  H.  Davy, 
the  strongest  acid(sp.  gr.  1.55)  contains  14.4  parts  of  water 
in  100;  and  acid  of  sp.  gr.  L42  contains  25.2  of  water  in  100.* 
We  have  not,  however,  at  present,  documents  sufficient  for 
the  construction  of  an  accurate  Table  of  the  quantities  of 
real  nitric  acid  in  acids  of  different  densities.  The  Table 
published  by  Mr.  DaltoH,t  that  philosopher  has  since  found 
reason  to  believe  to  be  Inaccurate;  and  one  which  he  com- 
municated to  me  for  tlie  last  edition  of  this  work,  does  not 
appear  to  be  entitled  to  greater  reliance.  Dr.  Ure  has  con- 
structed two  Tables  (for  which  see  the  Appendix),  the  first 
from  experiments  on  tlie  mixture  of  nitric  acid  of  specific 
gravity  1.500  widi  water  in  the  proportions  of  95  +  5,  90 
+  10,  80  +  20,  &c.;  and  the  second  from  the  calculation 
of  the  intermediate  terms  by  a  law  of  progression,  which  may 
be  thus  stated :  The  specific  gravity  of  dilute  acid,  contain- 
ing 10  parts  in  the  hundred  of  acid  of  density  1.500,  is  by 
experiment  1 .054.  Taking  this  number  as  the  root,  its  suc- 
cessive powers  will  give  us  the  successive  densities,  at  the 
terms  of  20,  30,  40  per  cent,  &c.  Thus  1054^  =  1.111  is 
the  specific  gravity  corresponding  to  20  strong  acid  +  80  wa- 
ter; 1054'  =  1.234  the  density  of  80  strong  acid  +  70  water; 
and  hence  any  one  term  being  given  the  whole  series  may  be 
found.  In  the  construction  of  this  table,  however,  there  ap- 
pears to  have  been  an  error  in  assuming  that  nitric  acid  of  sp. 


*m^m^ 


•  Elements,  p.  265.  f  New  Syfttem,  p.  355. 
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gr.  1.500  contains  in  100  parts  79.7  of  real  acid;  for  this  con- 
siderably exceeds  the  proportion  deduced  by  any  of  the  phi- 
losophers whose  results  have  been  quoted. 

{b)  Hydro-nitric  acid  is  perfectly  limpid  and  colourless, 
and  emits  white  inmes  when  exposed  to  the  air. 

(c)  It  gives  a  yellow  stain  to  the  skin. 

{d)  It  boils  at  248^  Fahrenheit,  and  may  be  distilled  over, 
without  any  essential  change.  This,  however,  is  true  only  of 
acid  of  the  specific  gravity  1 .42 ;  for  an  acid,  weaker  than  this, 
is  strengthened  by  being  boiled  ;  while  an  acid,  stronger  than 
1 .42,  becomes  weaker  by  boiling.  All  the  varieties  of  nitric 
acid,  therefore,  are  brought,  by  sufficient  boiling,  to  the  spe- 
cific gravity  1.42, 

(e)  Hydro-nitric  acid  may  be  frozen  by  the  application  of 
a  sufficiently  low  temperature.  Like  sulphuric  acid,  there  is 
a  certain  point  of  density  nt  which  it  most  readily  congeals. 
Mr.  Cavendish  has  described  this,  not  by  its  specific  gravity, 
but  by  the  quantity  of  marble  which  it  is  capable  of  dissolv- 
ing. When  it  takes  up  tVimt^'^s  of  its  weight,  in  which  case 
its  specific  gravity  is  1.3,  the  acid  freezes  at  2°  below  0  Fah- 
renheit. When  considerably  stronger  and  capable  of  dissolv- 
ing ^^<y^ths,  it  required  cooling  to  —  41.6;  and  when  so 
much  diluted  as  to  take  up  only  .Ji^^^ths,  it  did  not  congeal 
till  cooled  to  —  40.3.* 

{/)  Strong  hydro-nitric  acid  absorbs  moisture  from  the 
atmosphere ;  in  consequence  of  which  it  increases  in  weight, 
and  diminishes  in  specific  gravity. 

(g)  When  two  parts  of  the  acid  are  suddenly  diluted  with 
one  of  water,  an  elevation  of  temperature  is  produced  to  about 
112°  Fahrenheit;  and  the  admixture  of  58  parts  by  weight  of 
acid  of  specific  gravity  1 .50  with  42  parts  of  water,  both  at 
60°  Fahrenheit,  gives  a  temperature  of  140°.t  When  more 
water  is  added  to  this  diluted  acid,  its  temperature  is  reduced. 
Snow  or  ice,  added  to  tlie  cold  dilute  acid,  is  instantly  lique- 
fied, and  an  intense  degree  of  cold  is  produced. 

(A)  It  becomes  coloured  by  exposure  to  the  sun's  light,  pass- 
ing first  to  a  straw  colour,  and  then  to  a  deep  orange.  This 
efiectis  produced  by  the  union  of  the  light  of  the  sun  with 

•  Phil.  Irani.  1 T^,  t  l^f  •  ^r«>  Joura.  of  Science,  iv.  298. 
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oxygen,  in  consequence  of  which  the  proportion  of  the  acidi- 
fying principle  to  the  nitrogen  is  diminished. 

By  exposing  it  to  the  sun's  rays  in  a  gas  bottle,  the  bent  tube 
of  which  terminates  under  water,  oxygen  gas  may  be  procured. 

(/)  This  acid  retains  its  oxygen  with  but  little  force. — Hence 
it  is  decomposed  by  all  combustible  bodies,  which  are  oxy- 
genized by  it,  with  more  or  less  rapidity  in  proportion  to  theii* 
affinity  for  oxygen. 

1.  When  brought  into  contact  with  hydrogen  gns  at  a  high 
temperature,  by  transmitting  them  together  through  an  ignited 
porcelain  tube,  a  violent  detonation  ensues.  This  experiment, 
therefore,  requires  great  caution.  2.  Poured  on  perfectly  dry 
and  powdered  charcoal,  it  excites  the  combustion  of  the  char- 
coal, which  becomes  red-hot,  and  emits  an  immense  quantity 
of  fumes.  3.  It  also  Inflames  essential  oils  (as  those  of  tur- 
pentine and  cloves,)  when  suddenly  poured  on  them.  In  these 
experiments,  the  acid  should  be  poured  out  of  a  bottle,  tied  to 
the  end  of  a  long  stick ;  otherwise  the  operator's  face  and  eyes 
may  be  severely  injured.  4.  Nitric  acid  is  decomposed,  by 
boiling  it  in  contact  with  sulphur,  which  attracts  the  oxygen, 
and  forms  sulphuric  acid. 

(k)  The  hydro-nitric  acid  is  also  decomposed  by  metals ; 
as  iron,  tin,  zinc,  copper,  &c.  and  with  different  phenomena, 
according  to  the  affinity  of  each  metal  for  oxygen.  This  may 
be  seen,  by  pouring  some  strong  nitric  acid  on  iron  filings,  or 
powdered  tin.  The  acid  must  be  of  greater  density  than 
1.48,  otherwise  it  will  not  produce  the  effect.  Violent  heat, 
attended  with  red  fumes,  will  be  produced,  and  the  metals  will 
be  oxidized. 

(/)  Liquid  nitric  acid  absorbs  nitrous  gas,  and  undergoes 
a  considerable  change  of  colour  and  properties.  The  gas  may 
be  transmitted,  as  it  issues  from  the  materials  that  afford  it, 
tlirough  a  quantity  of  colourless  nitric  acid,  which  first  passes 
to  straw  yellow,  and  becomes  gradually  deeper  in  its  colour, 
till  at  length  it  assumes  a  deep  orange,  and  emits  red  coloured 
fumes.  According  to  Dr.  Priestley  (on  Air,  2d  edit.  i.  38d), 
100  parts  of  nitric  acid  of  specific  gravity  1.4  absorb  in  two  days 
90  parts  by  weight  of  nitrous  gas.*  Seven  parts  of  gas,  he 
states,  arc  sufficient  to  give  the  acid  an  orange  hue ;  when  18 

*  There  appears  to  be  some  error  in  this  statement,  for  aocordkif;  to  Sir 
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hnre  been  abeorbed  it  becomes  green ;  and  when  it  has  takeft 
up  all  that  it  is  capable  of  condensing,  it  emits  an  immeBaa 
quantity  of  red  fames.  The  gas  thns  absorbed  may  be  ex- 
pelled again  by  a  gentle  heat,  or  by  diluting  the  acid  wiA 
water. 

Sir  H.  Davy,  in  the  year  ISOO,  gave  the  following  tables 
filiowing  the  proportion  of  nitrous  gas  in  nitrous  acid  af 
different  colours. 

100  parts  bj  weight  oooCaio 

( "^ 1 

Sp.  Gr.      Real  Acid.  Nit.  Gas.      Water. 

Pale  yellow 1.502..  ..90.5    ....1.2   . . .  .B3 

Bright  ditto 1.50    . . .  .88.94  . . .  .2.96 . . .  .8.1 

Dark  orange 1.480 . .  •  .86.84  . . .  .5.56 . .  •  .7.6  i 

Light  olire 1.479  . . .  .86 6.45 . . .  .7.55 

Dark  olive 1.478 . . .  .85.4    . . .  .7.1    . . .  .7.50 

Bright  green 1.476 . . .  .B4.8   .  • .  .7.76 . . .  .7.44        ^ 

Blue  green 1.475..  ..84.6   ....8.     ....7.40        i 

Mere  dilution  with  water  is  sufficient  to  vary  these  ookMiSi  .^ 
Thus  the  dark  orange-coloured  acid,  by  dilution,  pscM 
through  the  shades  of  blue,  olive,  and  bright  green.  Nitric 
acid,  also,  by  absorbing  nitrous  gas,  has  its  specific  gravitj 
diminished.  Colourless  acid,  for  example,  when  rendered  «f 
pale  yellow,  becomes  lighter  in  the  proportion  of  1.51  to  IM* 

NiirO'Murialic  Acid.  * 

This  acid  may  be  formed  most  commodiously  by  mixing 
two  parts  by  weight  of  colourless  nitric  acid  with  one  of  liquid  * 
muriatic  acid.  Proust  employs  only  one  of  nitric  to  four  of  ^ 
muriatic  acid.  Though  the  acids  are  lK>th  perfectly  ptio  ^ 
yet  the  mixture  becomes  of  a  deep  red  colour,  a  brii»k  eflit-  ■ 
vescence  takes  place,  and  pungent  vapours  of  chlorine  are  « 
evolved. 

Considerable  light  has  been  thrown  on  the  nature  of  lh» 
acid  by  the  experiments  of  Sir  H.  Davy,*  who  has  rendcf«d 
it  probable  that  its  fKculiar  properties  are  owing  to  a  rontsil 

IJ.  Dav^r  100  part5  of  nitric  acid,  when  saturated  with  nitrous  gai,lialdoaij 
0  or  10  of  the  latter;  and  into  acid  of  sp.  gr.  1.3>  Mr.Dalton  could  not  cot- 
dense  above  20  times  its  bulk,  or  a  little  more  than  3  per  ceot.  bj  \rcig^ 
*  Journal  of  Scieocf),  Ice.  i.  <^7. 
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tlecomposition  of  the  nitric  and  muriatic  scids,  the  oxygen  of 
the  former  uniting  with  tho  hydrogen  of  the  latter,  in  conse- 
quence of  which  water,  chlorine,  and  nitrous  acid,  arc  the 
results.  For  every  101  parts  in  wci;j;ht  of  real  nitric  acid 
(equivalent  tolls  of  hydro-nitric  acid)  which  are  decomposed, 
67  parts  of  chlorine,  he  calculates,  are  produced.  According 
to  this  view,  it  is  not  correct  to  sny  that  aqua  regia  oxidates 
gold  or  platinum,  since  it  merely  causes  their  combination 
with  chlorine.  By  long  continued  and  gentle  heat,  nitro- 
iDuriatic  acid  may  be  entirely  deprived  of  chlorine,  and  it 
then  loses  its  power  of  acting  on  gold  and  platinum. 

The  nitro -muriatic  acid  does  not  form,  with  alkaline  or 
other  bases,  a  distinct  genus  of  salts,  entitled  to  the  nnme  of 
nitro-muritttci ;  for,  when  combined  with  an  alkali,  or  an 
earth,  the  solution  yields,  on  evaporation,  n  mixture  of  a  mu- 
riate and  a  nitrate;  and  metallic  bodies  dissolved  in  it  yield 
mariatcs  only.  The  most  remarkable  property  of  nitro-mu- 
riatic  acid  (lliat  of  dissolving  gold,  from  whence  it  has  iieen 
colled  agtia  regia)  will  be  described  in  tlic  chapter  on  that 
metal. 

Comlinalhn  of  Nitrogen  with  Chlorine. 

Chlorine  has  no  action  whatsoever  on  nitrogen  gas,  nor  on 
nitrous  gas  or  nitrous  oxide,  when  boCli  gases  are  perfectly 
dry  ;  but  a  compound  of  chlorine  and  nitrogen  may  be  formed, 
by  passing  cliloritie  gas  through  a  solution  of  nitrate  of  am- 
monia, or  of  almost  any  amnionitical  salt,  of-  the  tempera- 
ture of  80"  to  90°  Fahrenheit,  The  chlorine  gas  is  rnpidly 
absorbed,  and  a  film  appears  on  the  sarface,  which  soon 
collects  into  yellowish  drops,  that  sink  to  the  bottom  of  the 
liquor, 

Mr.  Brnnde  recommends  as  the  simplestmethod  of  forming 
it,  to  fill  a  perfectly  clean  gkss  basin  with  a  solution  of  about 
one  part  of  sal  ammoniac  In  twelve  of  water,  and  to  invert  into 
it  a  tall  jnr  of  chlorine  gas.  The  saline  solution  gradually 
rise*  into  the  glass,  a  film  forms  upon  its  surface,  and  it  ac- 
(joires  a  deep  yellow  colour.  At  length  small  globules,  re- 
sembling yellow  oil,  collect  u)Km  iu  surface,  and  successively 
fall  into  the  basin  beneath,  from  whence  they  are  most  con- 
veniently removed  by  drawing  them  into  a  small  and  per- 
fectly dean  glass  syringe,  made  of  a  glass  tube  drawn  to  a 
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pointed  orifice,  and  having  a  copper  wire,  with  a  little  tow 
wrapped  round  it  for  a  piston.  In  this  way  a  globule  may  be 
drawn  into  the  tube,  and  transferred  to  any  other  vessel. 


This  yellowish  and  oily  fluid  is  the  most  powerfully  deto- 
nating compound  with  which  we  are  acquainted.  When 
gently  warmed,  it  explodes  with  so  much  violence,  that  it  is 
not  safe  to  employ  a  quantity  larger  than  a  grain  of  mustard 
seed.  Its  discoverer,  M.  Dulong,*  was  severely  wounded  in 
his  first  experiments  on  this  substance ;  and  Sir  H.  Davy  had 
a  serious  injury  done  to  his  eyes  in  repeating  them.  It  is  ex- 
pedient, therefore,  to  proceed  with  great  caution. 

When  a  globule  of  this  fluid  is  thrown  into  olive  oil,  tur- 
pentine or  naphtha,  it  explodes  even  without  heat,  and  so 
violently,  as  to  shatter  any  glass  vessel.  The  same  eflect 
ensues  when  it  touches  phosphorus,  or  phosphorized  alcohol 
or  ether ;  but  pure  alcohol  seems  to  deprive  it  of  its  explosive 
property,  and  renders  it  a  white  oily  matter. 

The  specific  gravity  of  tlie  fluid,  Sir  H.  Davy  has  deter- 
mined to  be  l,'653y  water  being  l.f  It  is  not  congealed,  by 
exposure  to  the  cold  produced  by  snow  and  muriate  of  lime. 

Messrs.  Porrett,  Wilson,  and  Kirk,  have  published  an  elabo- 
rate memoir  on  this  compound  in  Nicholson's  Journal,  xxxiv. 
180,  and  have  described  at  great  length  the  appearances  attend- 
ing its  formation,  and  the  results  of  acting  upon  it  with  a  great 
variety  of  substances.  These  experiments  tend  to  show  that 
it  will  not  explode  at  any  temperature  much  under  212*^  Fnlir. 
without  the  contact  of  a  combustible  body ;  that  it  may  be 
or  below  160®,  and  does  not  become  solid  at  —  16**. 
^  dass  of  bodies  termed  combustible  act  upon  it 
'^ttliere  are  some  bodies  of  that  description, 
\  VitVi  which  it  seemed  to  unite  without 


I^^a5.  t  Phil. Trans.  1813. 
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decomposition ;  nor  did  the  metalsi  resins,  or  sugar,  cause  it 
to  explode.  It  detonated  with  the  following  only,  out  of  125 
substances  that  were  tried. 


Supcrsulphureted  hydrogen. 

Phosphorus. 

Phosphuret  of  lime. 

Caoutchouc. 

Myrrh. 

Palm  oil. 

Ambergris. 

Whale  oil. 

Linseed  oil. 

Olive  oil. 

Ditto  camphoreted. 

Ditto  sulphureted. 


Oil  of  tar. 
Oil  of  amber. 
Oil  of  petroleum. 
Oil  of  orange  peel. 
Naphtha. 
Metallic  soaps. 
Fused  potasn. 
Solution  of  ammonia. 
Phosphureted  hydrogen  gas. 
Nitrous  gas. 

Phosphureted  camphor. 
Oil  of  turpentine. 


The  products  of  its  detonation  arc  clilorine  and  nitrogen 
gases,  but  it  is  impossible  to  determine  the  bulk  of  those  ele- 
ments which  are  aiForded  by  a  given  weight.  The  best  me- 
thod of  analyzing  it,  is  by  its  action  on  mercury,  which  unites 
with  the  chlorine,  and  sets  the  nitrogen  free.  From  various 
experiments  of  this  kind.  Sir  H.  Davy  concludes  that  it  is 
composed  of  four  in  volume  of  chlorine  to  one  in  volume  of 
nitrogen,  or  of 

Chlorine 91.2 

Nitrogen 8.8 

100. 

These  proportions  correspond  best  with  the  opinion,  that 
it  is  constituted  of  one  atom  of  nitrogen  to  four  atoms  of  chlo- 
rine; it  will  be  represented  therefore  by  14  -\-  {36  x  4  =  ) 
144,  making  together  158;  but  its  analysis  is  not  sufficiently 
correct  to  render  these  numbers  worthy  of  implicit  reliance. 

Of  the  Compound  of  Nitrogen  with  Iodine. 

Iodine  cannot  be  brought  to  act  directly  upon  nitrogen, 
bat  when  iodine  is  kept  in  a  solution  of  ammonia  in  water,  it 
IS  gradually  converted  into  a  brownish  black  substance  which 
is  an  iodide  oi  nitrogen.  This  may  be  collected,  and  dried  at 
a  very  gentle  beat  on  bibulous  paper. 
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This  compound  evaporates  spontaneously  in  the  open  air. 
It  explodes  witli  great  violence  when  touched  or  when  heated, 
and  is  converted  into  nitrogen  gas  and  iodine,  but  all  attempts 
to  collect  the  products  have  failed,  and  we  are  ignorant  there- 
fore of  the  proportion  of  its  components. 


SECTION  III. 

Of  Carloiij  and  its  compounds  with  Oxygen^  Chlw-ine,  and 

Iodine. 

Charcoal,  in  the  form  under  which  it  ordinarily  occurs, 
contains  several  ingredients  that  are  not  essential  to  it ;  and 
it  is  to  the  pure  carbonaceous  principle,  divested  of  these  im- 
purities, that  the  term  Carbon  is  alone  properly  applied.  The 
diamond,  which  Sir  I.  Newton  had  sagaciously  inferred  to  be 
a  combustible  body,  from  its  powers  of  refracting  light,  was  first 
shown  by  Guyton  to  contain  carbon,*  and  his  experiments 
led  him  to  conclude  that  the  diamond  is  the  only  form  of  pure 
carbon ;  and  that  charcoal  is  a  compound  of  carbon  and  oxy- 
gen, or  an  oxide  of  carbon.  The  experiments  of  Messrs.  Allen 
and  Pepys  have,  however,  gone  far  towards  proving  that  the 
diamond  and  charcoal,  though  so  widely  remote  from  each 
other  in  external  characters,  are,  as  to  their  chemical  nature, 
identically  the  same ;  and  that  the  difference  between  them, 
in  all  probability,  results  merely  from  the  respective  states  of 
aggregation  of  their  particles. 

Some  doubts,  it  must  be  confessed,  were  thrown  on  this 
conclusion  by  an  experiment  of  Sir  tl.  Davy,  in  which  an 
inflammable  gas  was  obtained,  by  igniting  charcoal  in  a  To- 
ricellian  vacuum,  by  a  powerful  Voltaic  battery.  But  the  hy- 
drogen, thus  evolved,  may  reasonably  be  ascribed  to  water, 
from  which  it  is  extremely  diflicult,  if  not  impossible,  to  free 
charcoal.  The  absence  of  oxygen  from  charcoal  was  proved, 
bv  heaUDg  it  with  potassium,  for  no  potash  was  produced; 

"m  was  heated  with  diamond,  there  was  an 

"^  the  production  of  that  alkali.     The 

if  the  same  philosopherf  tend  to  es- 

i;  t  Pbil.  Traos.  1814,  p.  bbt. 
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tablisb^  tliat  charcoal  invariably  contains  either  hydrogen  or 
water ;  for  when  it  is  burned  in  pure  and  dry  oxygen  gas, 
some  moisture  is  always  deposited.  The  quantity,  however, 
is  so  small»  tliat  hydrogen  cannot  exist  in  charcoal  as  an  es* 
scntial  ingredient,  or  in  any  definite  proportion.  The  dia* 
mond  appears  to  be  absolutely  free  both  from  water  and 
hydrogen ;  and  it  is  in  this  respect  only,  and  in  the  mecba* 
nical  arrangement  of  its  particles,  that  we  have  any  evidence 
of  its  differing  from  charcoal.  If  proof  were  wanted  of  the 
identity  of  the  two  substances,  it  is  furnished  by  the  fact  that 
the  diamond  converts  iron  into  steel,  under  circumstances 
quite  free  from  all  sources  of  fallacy.^ 

To  obtain  charcoal  free  from  contamination,  pieces  of  oak, 
willow,  hazle,  or  other  woods,  deprived  of  the  bark,  may  be 
buried  in  sand  in  a  crucible,  which  is  to  be  exposed,  covered, 
to  the  strongest  heat  of  a  wind-furnace.  For  purposes  of  ac- 
curacy, charcoal  must  be  used  when  recently  prepared,  and 
before  it  has  had  time  to  become  cold;  or  ii'  it  cannot  be  had 
fresh  mode,  it  must  be  heated  again  to  redness  under  sand  in 
a  crucible.  A  remarkably  pure  charcoal  may  be  obtained  by 
passing  the  vapour  of  oil  of  turpentine,  or  of  spirit  of  wine, 
through  a  red  hot  tube.  It  then  appears  in  the  form  of  a 
black  impalpable  powder.  In  the  experiments  of  Sir  H. 
Davy^  this  sort  of  charcoal,  by  combustion  in  oxygen  gas, 
gave  a  much  smaller  product  of  moisture  than  any  other. 

From  100  parts  of  each  of  the  following  wooils  Messrs. 
Allen  and  Pepys  obtained  the  annexed  quantities  of  charcoal ; 
viz.  from  fir,  18.17;  lignum  vitae,  17.25;  box,  20.25;  beech, 
15;  oak,  17.40;  mahogany,  15.75. 

In  the  large  way,  charcoal  is  now  most  commonly  prepared 
in  this  country  by  the  distillation  of  wood  in  cast  iron  cylin- 
ders. The  loppings  of  young  trees,  commonly  called  crop 
wood,  are  generally  employed;  and,  besides  the  charcoal,  li- 
quid protlucts  of  value  are  collected,  especially  au  impure  vi- 
negar called  pyroligneotis  acid.  The  process  is  described  at 
length  by  Mr.  Parkcs  in  the  2d  volume  of  his  ^^  Chemical 
Essays,"  p.  271. 

The  charcoal  of  wood,  besides  its  use  as  a  fuel,  is  necessary 
to  the  preparation  of  that  kind  of  iron  which  is  used  for  wire ; 

•  Phil.  Tnuu.  181d,  p.  $71. 
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to  the  cementation  of  steel ;  and  to  the  preparation  of  gun- 
powder. The  charcoal  prepared  from  coal,  called  coke^  is  \em 
pare,  and,  beside  other  substances,  generally  contains  sulphur; 
but  it  has  the  advantage  of  being  heavier  and  more  corapactf 
in  consequence  of  which  it  is  better  adapted  for  burning  in 
furnaces  in  which  there  is  a  powerful  blast  of  air. 

Lamp  black,  a  necessary  ingredient  of  printing  ink,  is  the 
condensed  soot  collected  from  the  refuse  resin  of  turpentine 
makers. 

Charcoal  has  the  following  properties : 

1 .  In  its  aggregated  state  it  is  black,  perfectly  insipid,  and 
free  from  smell ;  iusoluble  in  water,  brittle,  and  easily  pul- 
verized. In  close  vessels,  and  entirely  secured  from  contact 
with  air,  it  is  unchanged  by  any  degi'ee  of  heat.  A  gas,  how- 
ever, may  be  collected  from  it  by  distillation,  which  consists 
of  hydrogen  and  carbon,  and  perhaps  a  little  oxygen.  Ber- 
thollet  has  found,  also,  in  the  aeriform  products  of  its  distil* 
lation,  a  considerable  proportion  of  nitrogen.* 

In  the  section  on  carbonic  acid,  it  will  be  explained  what  is 
meant  by  the  vapour  of  charcoal^  and  it  may  be  sufficient  at 
present  to  observe  that  this  term  is  not  applicable  to  charcoal 
in  any  state  in  which  it  can  be  experimentally  exhibited,  but 
to  that  state  in  which  it  exists  in  gaseous  combination  with 
other  bodies. 

2.  Charcoal  has  the  singular  property  of  absorbing  gases 
without  alteration.  Fill  ajar  with  common  air,or  any  other  gas, 
and  place  it  over  dry  mercury :  take  a  piece  of  charcoal,  red- 
hot  from  the  fire,  and  plunge  it  in  the  mercury  of  the  bath : 
when  cold,  let  it  be  passed  into  the  vessel  of  gas,  without  bring- 
ing it  into  contact  villi  the  atmosphere.  A  considerable  di- 
minution of  the  gas  will  be  effected ;  and  in  24  or  36  hours 
its  absorption  will  be  completed. 

Count  Morozzo  has  given  the  following  table  of  the  quan- 
tities of  different  gases,  absorbed  in  the  foregoing  manner  by 
charcoal.     In  each  experiment,  he  employed  a  piece  of  tba^ 
substance  1    inch  long  and  i  of  an  inch    diameter.     Tli^ 
receiver  containing  gas  was  1 2  inches  long  and  1  inch  di^^ 
meter. 


*  M^moires  d* Arcueil,  ii.  484. 
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Gas  absorbed.                       Indies.  I  Gas  absorbed.                       Inches. 
Atmospheric  air   •  •  • . . .     3^     Nitrous 6|- 


Hydrogen      2^^^ 

Oxygen 2^ 

Sulphurous  acid 5  4- 


Carbonic  add   11 

Ammonia  •  • 11 

Muriatic  acid    11 

Sulphnreted  liydrogen  ..11 

This  property  of  charcoal  has  been  made  the  subject  of  a 
Taluable  set  of  experiments  by  Saussure.*  Charcoal  of  box- 
wood he  found  to  absorb,  in  less  than  2i  hours,  of 

Volumes. 
Ammoniacal  gas 90 

Muriatic  acid 85 

Sulphurous  acid     G5 

Sulphureted  hydrogen   55 

Nitrous  oxide 40 

Carbonic  acid     35 

Olefiaht  gas    35 

Carbonic  oxide 9.42 

Oxygen 9.25 

Azote , 7.5 

Hydrogen 1 .75 

Most  of  the  phenomena  attending  this  absorption  have  al- 
'^y  been  described,  in  speaking  of  the  absorption  of  gases 
*^y  solids.  It  appears  to  be  entirely  a  mechanical  effect ;  for 
^cn  those  gases  that  have  an  affinity  for  charcoal  (hydrogen 
^d  oxygen  for  instance),  are  given  ont  unchanged  at  the  heat 
of  boiling  water.  The  densest  and  heaviest  kinds  of  charcoal 
are  most  remarkable  for  this  property,  which  is  much  dimi- 
tiished  by  pulverizing  them;  and  it  does  not  exist  at  all  in 
plumbago  or  in  stone  coal. 

3.  From  tlie  experiment  of  Rouppe,t  it  appears,  that  if 
charcoal,  which  has  imbibed  oxygen  gas,  be  brought  hito 
contact  with  hydrogen  gas,  water  is  generated ;  but  Saussure, 
l>y  a  careful  repetition  of  it,  could  not  obtain  the  same  result. 

4.  Charcoal,  by  long  exposure  to  the  atmosphere,  absorbs 
one  twentieth  of  its  weight,  three  fourths  of  which  are  water.:]: 

The  charcoal  of  different  woods,  Messrs.  Allen  and  Pepys 
[<>und  to  increase  very  differently  in  weight ;  that  from  fir 

*  Tbomsoirs  iVniials,  vi.  941.  f  Ana.  deCiiim.  xixVu  1. 
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I,  by  a  week*8  exposure,  13  per  cent. ;  that  from  ligimm 
vitce,  in  the  same  tim^  9.6;  from  box,  14;  beech,  16.9;  oak, 
16.5;  mahogany y  18.  The  absorption  goes  on  most  rapidly 
during  the  first  24  hours ;  and  by  much  the  largest  part  cf 
what  is  absorbed  consists  of  water  merely. 

5.  Charcoal  resists  the  putrefaction  of  animal  substances. 
A  piece  of  flesh-meat,  which  has  begun  to  be  tainted,  may 
have  its  sweetness  restored  by  rubbing  it  daily  with  powdered 
charcoal ;  and  may  be  preserved  sweet  for  some  time  by  buiy- 
ing  it  in  powdered  charcoal,  which  is  to  be  renewed  daily. 
Putrid  water  is  also  restored  by  the  application  of  the  same 
substance ;  and  water  may  be  kept  unchanged  at  sea,  by  per- 
fectly charring  the  inner  surface  of  the  casks  which  are  used 
to  contain  it.*  It  produces,  also,  a  remarkable  effect  in  de- 
stroying the  taste,  odour,  and  colour  of  many  vegetable  and 
animal  substances.  Common  vinegar,  by  being  boiled  on  it, 
is  rendered  perfectly  limpid.  Rum  and  other  varieties  of  ar- 
dent spirit,  which  are  distinguished  by  peculiar  colours  and 
flavours,  lose  both  by  maceration  with  powdered  charcoal. 
The  colour  of  litmus,  indigo,  and  other  pigments,  dissolved  or 
suspended  in  water,  is  destroyed.  Putrid  animal  fluids,  and 
air  contaminated  with  ofiensivc  fumes,  are,  also^  completely 
deprived  of  their  odour.  These  cilects  are  most  certainly  pro- 
duced by  animal  charcoal  ;t  which  is  best  adapted  for  this 
purpose  when  obtained  by  calcining  bones  in  close  vessels. 

6.  Charcoal  is  a  very  slow  conductor  of  caloric.  The  ex- 
periments of  Guyton  have  determined,  that  caloric  is  conveyed 
through  charcoal  more  slowly  than  through  sand,  in  the  pro- 
portion of  three  to  two.  Hence  powdered  charcoal  may  be 
advantageously  employed  to  surround  substances  which  are  to 
be  kept  cool  in  a  warm  atmosphere ;  and  also  to  confine  the 
caloric  of  heated  bodies.  It  affords,  however,  an  easy  trans- 
mission to  the  electric  fluid. 

7.  The  weight  of  the  atom  of  charcoal  is  inferred  by  Mr. 
Dalton  to  be  5.4,  that  of  oxygen  being  7.  But  if  the  weight 
of  the  atom  of  oxygen  be  corrected  to  8,  the  atom  of  charcoal 
will  then  weigh  6.  The  evidence  in  favour  of  this  conclusion 
will  be  stated  in  the  following  section.     The  specific  gravity, 

*  Lo?it2»  Ann.  de  Chim.  torn.  liv. 

t  79  Ann.  de  Chim.  80;  Journ,  of  Science,  &c.  ir.  $67. 


which  it  would  have,  if  reducible  into  a  vaporous  forni}  is 
calculated  by  Gray  Lnssac  to  be  0.416. 

Combustion  of  Carbon* 

If  a  small  piece  of  charcoal  be  exposed  red-hot  to  atmo- 
spheric air,  it  exhibits  scarcely  any  signs  of  combustion,  and 
soon  becomes  cold;  but  Sir  H.  Davy  has  observed  that  dry 
diarcoal  converts  oxygen  gas  pretty  rapidly,  though  imper- 
ceptibly, into  carbonic  acid,  at  a  temperature  a  little  above  the 
boiling  point  of  quicksilver,*  and,  according  to  Saussure,  the 
oxygen  gas,  which  is  absorbed  by  charcoal,  becomes  converted 
in  time  into  carbonic  acid,  at  the  common  temperature  of  the 
atmosphere.  If  a  piece  of  charcoal,  heated  to  about  800^  or 
1000°  Fahrenheit,  or  nearly  to  redness,  be  introduced  into  a 
receiver  filled  with  oxygen  gas,  it  continues  to  burn  with 
greatly  increased  splendour,  and  with  bright  scintillations; 
and  if  the  charcoal  be  pure,  and  its  proportion  rightly  adjust- 
ed, it  is  entirely  consumed.  When  the  quantity  burnt  is 
considerable,  a  manifest  j^roduction  of  water  takes  place,  and 
the  inner  surface  of  the  glass  vessel  becomes  covered  with 
moisture,  which  disappears,  however,  on  standing.  This  por- 
tion of  water  owes  its  origin  to  the  union  of  oxygen  with  the 
hydrogen,  which,  it  appears  from  Sir  H.  Davy's  experiments 
and  from  the  results  of  its  distillation,  all  charcoal  contains. 

The  diamond,  also,  which  was  formerly  considered  as  an 
incombustible  substance,  may  be  consumed  by  a  sufficiently 
intense  heat,  even  in  atmospherical  air.  The  Florentine  aca- 
demicians, in  the  year  1694,  appear  first  to  have  ascertained 
this  fact,  by  exposing  diamonds  to  the  focus  of  a  powerful 
burning  lens.  Their  experiment  has  been  repeated  by  subse- 
quent chemists,  with  various  modifications.  It  has  been  found 
by  Sir  George  Mackenzie  that  diamonds  burn  in  atmospheric 
air,  when  exposed  on  a  muffle,  to  the  temperature  of  about 
14°  Wedgwood.  In  oxygen  gas  the  diamond  takes  fire, 
when  the  focus  of  a  powerful  lens  is  thrown  upon  it ;  and 
continues  to  burn,  though  removed  out  of  the  focus,  with  a 
steady  brilliant  light,  visible  in  the  strongest  sunshincf  The 
portion  of  diamond,  which  remains  unconsumed^  is  not  rexx" 

•    Phil.  Trans.  1817,  p.  16.  t  Davy,  in  Phil,  Trans.  1814. 


534 


OP  SIMPLE  ACIDIFIABLB  B0D1B8.        CHAP.  Vll 


dered  blacky  as  has  been  asserted,  but  is  found  to  have  lost  ii 
lustre,  like  glass  acted  on  by  fluoric  acid.  When  the  vessel  hai 
become  cold,  no  production  whatsoever  of  moisture  is  visible 
By  effecting  its  combustion  in  this  way,  Guyton  thought  1m 
had  determined  that  the  diamond,  in  an  equal  weight,  coO' 
tains  more  real  carbon  than  exists  in  common  charcoal.  Hii 
experiments,  however,  have  not  been  confirmed  by  those 
of  other  chemists.  One  fact,  however,  has  been  contri- 
buted on  this  subject  by  Guyton,  which  is  of  considerable 
value.  Tlie  diamond,  he  first  ascertained,  is  destroyed  wbca 
thrown  into  red-hot  and  melted  nitre;  and  this  property,  il 
will  afterwards  appear,  has  been  successfully  applied  by  Mr. 
Tennant  to  the  determination  of  the  nature  of  the  diamond, 
and  of  the  proportion  of  ingredients  in  carbonic  acid. 

At  the  Royal  Institution, 
an  apparatus  is  employed 
for  the  combustion  of  the 
diamond,  from  which,  with 
Mr.  Brande's  permission, 
the  annexed  sketch  has  been 
taken.  It  consists  of  a  glass 
globe,  capable  of  holding 
about  140  cubical  inches, 
which,  when  used,  is  first 
exhausted,  and  then  filled 
with  oxygen  gas.  In  the 
centre  of  this  globe  is  sup- 
ported a  small  hemispherical 
cup  of  platinum,  pierced 
with  small  holes.  This  is 
destined  for  containing  the 
diamonds;  and  beneath  it, 
at  the  distance  of  about  j  of 

an  inch,  is  the  orifice  of  a  small  pipe,  from  which  a  jet  of  hy- 
drogen gas  may  be  forced,  by  opening  the  cock  and  pressing: 
the  bladder.  This  stream  of  hydrogen  being  lighted  by  elec- 
tric sparks,  taken  by  means  of  a  contrivance  usually  employ^ 
for  such  puriK)ses,  ignites  the  diamonds,  and,  when  they  ^ 
white-hot,  the  gas  is  extinguished  by  shutting  the  cock.  Tlic 
diamonds  continue  to  burn  till  they  are  so  much  reducctt  ^ 


llCr.  III.  CARBON.  335 

fize  that  the  cooling  power  of  the  platinum^  with  which  they 
are  in  conlact,  prevents  their  farther  combustion.  After  the 
ipparatus  has  cooled,  the  gas  within  the  globe  will  be  found, 
when  examined  by  rules  which  will  presently  be  given,  to  have 
uidergone  an  essential  change,  and  to  be  partly  converted 
into  carbonic  acid. 

To  collect  the  entire  products  of  the  combustion  of  carbon, 
in  either  of  its  forms,  requires  rather  a  complicated  apparatus. 
Lavoisier  bornt  charcoal  in  a  known  quantity  of  oxygen  gas, 
which  was  confined  by  mercury,  the  charcoal  being  set  on  fire 
by  a  bait  iron  wire  heatec]  to  redness,*  and  introduced  through 
the  quicksilver.     Messrs.  Allen  and  Pepys  collected  the  pro- 
ducts of  the  combustion  of  charcoal  and  of  the  diamond,  by 
burning  them  separately  in  a  platinum  tube,  set  horizontally  in 
s  charcoal  furnace,  and  connected  at  each  extremity  with  a 
mercurial  gazometer.    A  correct  idea  of  this  arrangement  will 
easily  be  obtained  by  imagining  that  to  each  end  of  the  tube  r, 
fig.  40,  the  pipe  &  of  a  gazometer,  like  that  shown  fig.  35,  is  con- 
Dected.  At  the  outset  of  the  experiment,  oneof  thegazometers 
vas  filled  with  a  known  quantity  of  the  purest  oxygen  gas,  and 
the  other  was  empty.     The  tube  was  then  made  red-hot ;  and 
the  gas,  being  forced  alternately  from  one  gazometer  to  the 
other,  was  repeatedly  brought  into  contact  with  the  red-hot 
charcoal  or  diamond.     The  volume  of  the  gas  was  found  to 
be  entirely  unaltered;  but  it  had  received  an  addition  to  its 
Weight  precisely  equal  to  what  the  charcoal  or  diamond,  on 
Weighing,  was  ascertained  to  have  lost;    and    it  was  partly 
converted    into  a  gas,    totally  different    in    its    properties 
from  oxygen   gas,  and   called  carbonic  acid.      It    appears, 
therefore,  that  oxygen  gas,  by  conversion  into  carbonic  acid, 
undergoes  neither  expansion  nor  condensation.     This  con- 
clusion is  farther  established  by  the  recent  experiments  of  Sir 
H.Davy,  on  the  combustion  of  the  diamond  in  oxygen  gas. 

Carbonic  Acid. 

From  the  quantity  of  charcoal  or  diamond  consumctl  in  the 
experiments  of  Allen  and  Pepys,  and  the  quantity  of  oxygen 
converted  into  carbonic  acid,  it  is  easy  to  infer  the  proportion 

•  Elements  of  Chemistry,  pl.iv.  fig.  3. 
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of  carbon  and  oxygen  in  the  new  compound.     Reducing  these 
to  centesimal  proportion,  for  e>'ery  28  or  29  grains  of  the 
combustible  base  which  disappeared,  100  grains  of  carbonic 
acid  (s  about  201  cubic  inches)  were  generated;  and  it  is 
remarkable  that  these  proportions  agree  exactly  with  those 
originally  stated  by  Lavoisier.     The  same  quantity  of  carbonic 
acid  resulted,  also,  from  the  combustion  of  between  28  and 
29  grains  of  diamond.     Hence  it  may  be  inferred,  that  the 
actual  quantity  of  carbon  in  equal  weights  of  diamond  and 
diarco^  is  very  nearly  the  same;  and  that  charcoal  is  not,  as 
has  hitherto  been  supposed,  an  oxide  of  carbon ;  their  only 
difference  consisting  in  the  presence  of  hydrogen  in  charcoal, 
in  so  small  a  proportion  as  not  materially  to  diminish  the 
quantity  of  carbonic  acid  produced  by  its  combustion.     If  this 
inference  required  confirmation,  it  is  furnished  by  its  agree- 
ment with  Mr.  Tcnnant's  experiments  on  the  combustion  of 
the  diamond,  published  in  1797.    Two  grains  and  a  half  of 
diamond  (that  philosopher  found),  when  consumed  in  a  tabs 
of  gold  by  means  of  nitre,  gave  nine  grains  of  carbonic  acid, 
which,  in  100  parts,  should  contain,  therefore^  as  nearly  m 
possible,  28  parts  of  diamond  or  carbon.     The  mean  of  t 
number  of  Messrs.  Pepys  and  Allen's  experiments  give  the 
following  statement  of  the  composition  of  carbonic  acid: 

Carbon 28.60    100 

Oxygen 71.40    250 

100. 
It  is  remarkable,  also,  that  these  numbers  are  prccisdj 
those  which  result  from  the  experiments  of  Clement  and 
Desormes.*  They  differ,  however,  a  little,  from  those  of 
Saussurc,  jun.,  who  states  the  carbon  in  100  grains  of  cari)onic 
acid  at  between  27.04-  and  27.38  grains.  The  results  of  Gay 
Lussac,  which  are  conformable  with  the  views  of  Beraeliiw» 
and,  as  nearly  as  possible  with  those  of  Dr.  Wollaston,  arc, 

Carbon 27.376    100 37.55 

Oxygen 72.624    265.12    100. 

"^"^^~"^"™"  "^iM^^"™*-^  ^m^mm^^^^ 

100.  365.12  137,55 


*  Ann.  de  Chim.  ixxix.  A2. 
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Mr.  Dalton  assumes  the  composition  of  carbonic  add  to  be, 
in  round  numbers,  28  of  charcoal  and  72  of  oxygen ;  from 
whence  he  deduces  the  weight  of  the  atom  of  charcoal  to  be 
5.4.  But  if  the  atom  of  oxygen  weigh  8,  and  if  the  propor- 
tions just  assigned  be  correct,  the  atom  of  charcoal  will  weigh 
6,  and  that  of  carbonic  acid  (considering  it  as  a  ternary  com^ 
pound  of  two  atoms  of  oxygen  and  one  of  charcoal)  will  be 
16  +  6  =  22.  On  the  theory  of  volumes,  its  constitution  has 
been  stated  by  Gay  Lussac  to  be  1  volume  of  gaseous  carbon 
+  1  volume  of  oxygen,  condensed  into  the  space  of  1  volume^ 
and  the  density  of  the  vapour  of  charcoal  has  been  estimated 
to  be  equal  to  the  density  of  carbonic  acid,  less  that  of  oxygen 
gas,  or  to  1.5245  —  1.1025  =  0.422.  When  two  volumes  of 
carbonic  oxide  are  converted  into  carbonic  acid,  we  add  a 
volume  of  oxygen  equal  to  that  already  existing  in  two  mea- 
sures of  the  former  gas,  viz.  one  volume,  and  obtain  two  vo- 
lumes of  carbonic  acid,  which  gas  may  therefore  be  considered, 
tinder  this  aspect,  as  constituted  of  one  volume  of  oxygen  +  half 
a  vol.  of  carbonic  oxide  condensed  into  one  volume.  This 
view  of  the  constitution  of  carbonic  acid  and  carbonic  oxide 
rests,  however,  it  is  evident,  upon  the  presumption,  that  the 
general  law,  deduceil  by  the  last  mentioned  philosopher  from 
a  variety  of  other  cases,  applies  in  this  instance ;  viz.  that 
gaseous  compounds  either  contain  equal  volumes  of  their  elements^ 
or  that  if  either  exceed,  the  excess  is  by  some  simple  multiple  of 
the  smaller  volume* 

In  addition  to  the  proofs  of  the  constitution  of  carbonic 
acid,  derived  from  its  synthesis,  we  have  also  the  ^idence  of 
its  analysis,  which  may  be  effected  by  several  processes. 

1.  By  passing  a  succession  of  electrical  discharges  through 
a  quantity  of  carbonic  acid  gas  confined  over  mercury,  I  have 
found  that  the  gas  is  separated  into  oxygen,  and  a  gas  called 
carbonic  oxide,  which  consists  of  oxygen  united  with  a  larger 
proportion  of  cnrbon  than  exists  in  carbonic  acid.  When  the 
carbonic  acid,  which  escapes  decomposition,  has  been  washed 
out  by  solution  of  potash,  an  electric  spark  inflames  the  re- 
siduary mixture;  the  oxygen  and  carbonic  oxide  again  uniting, 
and  re-composing  carbonic  acid.* 

*  Phil.  Trans.  1809,  p.  448. 
YOU  I.  Z 
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2.  When  a  mixture  of  carbonic  acid  and  hydrogen 
electrified,  the  hydrogen  combines  with  part  of  the  oxygen  of 

,  the  acid,  and  reduces  it  to  the  state  of  carbonic  oxide.  The 
same  products  are  obtained,  by  transmitting  a  mixture  of  tivo 
parts  of  hydrogen  gas  and  one  of  carbonic  acid  through  a  glaied 
porcelain  tube  strongly  ignited.  The  hydrogen,  nniting  witk 
a  part  of  the  oxygen  of  the  carbonic  acid,  brings  the  latter  to 
the  state  of  carbonic  oxide^  at  the  same  time  that  water  ii 
formed. 

3.  When  potassium  is  heated  in  carbonic  acid  gas.  Sir  H. 
Davy  has  found  that  the  metal  inflames ;  part  of  it  is  oxidated 
at  the  expense  of  the  acid ;  and  part  of  it  unites  with  the  chii^ 
coal,  which  is  precipitated. 

4.  By  simply  heating  phosphorus  in  carbonic  acid  gas,  lie 
step  is  made  towards  the  decomposition  of  the  latter.     But  bgr 
applying  phosphorus  to  some  of  the  combinations  of  carbooie 
acid,  the  phosphorus  is  oxygenated,  and  carbon  appears  in  i    ^ 
separate  form.    The  original  discovery  of  this  fact  is  due  It  ^ 
Mr.  Tcnnant,*  and  the  details  of  the  experiment  have  beet    ^ 
ably  followeil  up  by  Dr.  Pearson.f 

To  exhibit  this  fact,  provide  a  tube  of  very  thin  glass,  aboat 
one- third  of  an  inch  wide,  and  18  or  20  inches  long,  sealed 
at  one  end.  Coat  it,  within  about  an  inch  of  the  sealed  ex- 
tremity, with  a  lute  of  sand  and  clay ;  and  when  this  is  dry, 
put  into  it  as  much  purified  phosphorus,  in  small  pieces,  is 
will  fill  the  uncoated  part.  Then  cover  the  phosphorus  wich  i 
carbonate  of  lime,  or  carbonate  of  soda  which  has  been  de- 
prived of  its  water  of  crystallization.  Let  the  part  of  the  tob^ 
which  contains  the  carbonate,  be  made  red-hot  by  means  of* 
portable  furnace ;  and,  at  this  moment,  apply  heat  to  the  pait 
containing  the  phosphorus,  suflicient  to  melt  and  raise  it  into 
vapour.  The  vapour  of  the  phosphorus,  coming  into  contact 
with  the  red*hot  carbonate,  will  decompose  the  carbonic  acid; 
and  charcoal  will  be  found  in  the  residue  of  the  process,  in 
the  form  of  a  very  light  and  black  powder. 

To  procure  carbonic  aciil,  siiflicicntly  pure  for  the  exiiibi* 
tion  of  its  properties,  the  combustion  of  charcoal  isfiurfro0> 


♦  Phil.  Trans.  1791,  p.  182.  f  IWd,  1793,  p.  S89, 
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being  the  best  process.  The  student  may,  therefore,  have 
recourse  to  another,  the  rationale  of  which  he  yrill  not,  at 
present,  understand ;  but  which  will  be  exphiined  afterwards. 
Into  a  common  gas  bottle,  put  a  little  powdered  marble  or 
chalk,  and  pour  on  this  sulphuric  acid,  diluted  with  five  or  six 
times  its  weight  of  water  :  or  upon  small  fragments  of  marble 
about  the  size  of  horse  beans,  contained  in  a  gas  bottle,  pour 
muriatic  acid  diluted  with  8  or  10  times  its  weight  of  water, 
which  disengages  the  gas  more  slowly  and  conveniently.  This 
gas  may  be  received  over  mercury ;  but  a  mercurial  apparatus 
k  not  absolutely  essential,  since  the  gas  may  be  collected  over 
water,  if  used  immediately  when  procured.  Carbonic  acid 
may,  also,  be  separated  by  heat  alone,  from  carbonate  of  lime. 
For  this  purpose,  coarsely  powdered  chalk  or  marble  may  be 
pat  into  the  iron  vessel  a,  fig.  85,  which  may  be  connected, 
by  means  of  the  conducting  pipe  £,  with  a  gazometer.  The 
receiving  cylinder  of  the  latter,  after  a  sufficiently  long  conti- 
nuance of  heat  to  the  bottle  ff,  will  be  filled  with  carbonic  acid 
gas,  contaminated,  however,  by  a  small  proportion  of  carbonic 
oxide,  and  sometimes  a  little  hydrogen. 

Properties  of  Carbonic  Acid. 

{a)  It  extinguishes  flame. — Set  a  vessel,  filled  with  the  gas, 
with  its  mouth  upwards,  and  let  down  a  lighted  candle.  The 
candle  will  instantly  be  extinguished. 

A  person,  says  Dr.  Priestley,  who  is  quite  a  stranger  to  the 
properties  of  this  kind  of  gas,  will  be  agreeably  amused  with 
extinguishing  lighted  candles,  or  blazing  chips  of  wood,  on 
its  surface.  For  the  smoke  readily  unites  with  this  kind  of 
air;  so  that  little  or  none  of  it  escapes  into  the  atmosphere. 
It  is  remarkable,  that  the  upper  surface  of  this  smoke,  floating 
in  the  fixed  air,  is  smooth  and  well  defined  ;  whereas  the 
lower  surface  is  exceedingly  ragged,  several  parts  hanging 
down  to  a  considerable  distance  within  the  body  of  the  car- 
bonic acid,  and  sometimes  in  the  form  of  balls,  connected  to 
the  upper  stratum  by  slender  threads,  as  if  they  were  sus- 
pended. The  smoke  is  also  apt  to  form  itself  into  broad 
flakes,  exactly  like  clouds.    Making  an  agitation  in  this  air, 
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the  surface  of  it  (which  still  continues  exactly  defined)  is 
thrown  into  the  form  of  waves ;  and  if,  by  this  agitation,  any 
of  the  carbonic  acid  be  thrown  over  the  sides  of  the  vesselt 
the  smoke,  which  is  mixed  with  it,  will  fall  to  the  ground,  as 
if  it  were  so  much  water. 

(b)  It  is  fatal  to  animals. — Put  a  mouse,  or  other  small 
animal,  into  a  vessel  of  the  gas,  and  cover  the  vessel,  to  pr«* 
vent  the  contact  of  common  air.  The  animal  will  die  in  tha 
course  of  a  minute  or  two. 

By  means  of  this  gas,  butterflies,  and  other  insects,  the 
colours  of  which  it  is  desirable  to  preserve,  for  the  |Hirpose 
of  cabinet  specimens,  may  be  suffocated  better  than  by  the 
common  mode  of  killing  them  with  the  fumes  of  sulplior. 

(c)  This  gas  is  heavier  tlian  common  air, — According  to  Sk 
H.  Davy,  100  cubic  inches,  at  55°  Fahrenheit,  and  SO  iocbcf    ; 
of  the  barometer,  weigh  47.5  grains ;  and  at  60%  with  cfce   ji 
same  pressure,  would  weigh  47.11  •    Messrs.  Allen  and  Pq^i   ^ 
determined  that  100  cubic  inches,  at  60^  Fahrenheit,  and  M  ^ 
inches  barometer,  weigh  47*26  grains.     Its  specific  gravitfi   -^ 
according  to  Biot^  and  Arago,  is  1.5196;  and  hence,  if  100    -r 
cubic  inches  of  atmospheric  air  weigh  30.5  grains,  the  same    r 
bulk  of  carbonic  acid  gas  should  weigh  46.84  grains.    Dr.     ' 
Ure  finds  it  to  weigh  46.4.     Dr.  Tliomson  states  its  specific 
gravity  to  be  1 .5266,  and  Berzelius  and  Dulong  ]  .5^40.  It  will 
be  a  sufiiciently  near  approximation  to  Cake  the  weight  of  100 
cubical  inches  at  46.5  grains,  at  a  mean  of  the  barometer  sikI     i 
thermometer.  i 

To  show  the  superior  specific  gravity  of  this  gas  in  a  general  i| 
way,  the  following  experiment  will  be  sufficient.  Let  a  long  ^ 
glass  tube,  proceeding  from  a  gas  botde,  containing  pow- 
dered marble  and  dilute  sulphuric  acid,  be  twice  bent  at  right 
angles ;  let  the  open  end  of  the  longer  leg  reach  the  bottom 
of  a  glass  jar,  perfectly  dry  within,  and  standing  with  iu 
mouth  uppermost.  The  carbonic  acid  will  expel  the  coininon 
air  from  the  jar,  because  it  is  heavier. — This  superior  grsTitJ 
may  be  farther  shown  ns  follows:  When  the  jar  is  perfectly 
filled  with  the  gas  (which  may  be  known  by  a  lighted  caniiic 
being  uistantly  extinguished  when  let  down  into  it),  take 
another  jar,  of  rather  smaller  size,  and  place  at  the  bottoA 
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of  it  a  lighted  taper,  supported  by  a  stand:  then  pour  the 
contents  of  the  first-mentioned  jar  into  the  second,  as  if  you 
were  pouring  water.  The  candle  will  be  instantly  extin- 
guished, as  efiectually  as  if  it  had  been  immersed  in  water. 

It  is  owing  to  its  superior  gravity,  that  carbonic  acid  gas  is 
often  found  at  the  bottom  of  grottoes,  of  deep  wells,  and  of 
mines,  the  upper  part  of  which  is  entirely  free  from  it.  Hence 
the  precaution,  used  by  the  sinkers  of  wells,  of  letting  down  a 
eandle  before  they  venture  to  descend  in  person. 

(d)  Carbonic  acid  gas  is  absorbed  by  waier, — Fill  partly  a  jar 
with  this  glass,  and  let  it  stand  inverted  a  few  hours  over  water. 
An  absorption  will  gradually  go  on,  till  at  last  none  will  remain. 
This  absorption  is  infinitely  quicker  when  agitation  is  used. 
Kepeat  the  above  experiment,  with  this  difference,  that  the 
jar  must  be  shaken  strongly.  A  very  rapid  diminution  will 
low  take  place.  In  this  manner  water  may  be  charged  with 
nther  more  than  its  own  bulk  of  carbonic  acid  gas;  and  it 
acf]oires,  when  thus  saturated,  a  very  briok  and  pleasant  taste. 
This  impregnation  is  most  commmliously  effected  by  an  appa- 
ratus, sold  in  the  glass  shops,  under  the  name  of  Nooth's 
Qiachine. 

The  influence  of  pressure,  in  occasioning  water  to  absorb 
a  large  quantity  of  carbonic  acid,  may  be  illustrated  by  an 
apparatus,  which  I  have  described  in  the  Philosophical  Trans- 
actions for  1S03,  but  which  cannot  be  understood  without  the 
engraving  that  accompanies  it.     From  an  extensive  series  of 
experiments  with  this  apparatus,  I  have  deduced,  as  a  general 
law,  that  water  takes  up  the  same  volume  of  compressed  car- 
bonic acid  gas,  as  of  gas  under  ordinary  i)ressure.     And  since 
the  space  occupied  by  any  gas  is  inversely  as  the  compressing 
force,  it  follows  that  the  quantity  of  gas,  forced  into  water, 
is  directly  as  the  pressure.     Thus,  iF  water  under  common 
orcumstances  takes  up  an  equal  bulk  of  carbonic  acid,  under 
the  pressure  of  two  atmospheres  it  will  absorb  twice  its  bulk ; 
ttnder  three  atmospheres  three  times  its  bulk,  and  so  on. 

(e)  From  water^  thus  impregnated^  carlonic  acid  is  again  set 
al  liberty,  on  boiling  the  water,  or  by  exposing  it  under  tliere^ 
ceiverofan  air-pump, — During  exhaustion,  the  gas  will  escape 
10  rapidly,  as  to  present  the  appearance  of  ebullition;  and 
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will  be  much  more  remarkable  tlian  the  discharge  of  air  from 
ajar  full  of  common  spring  water,  confined  at  the  same  tiroey 
under  the  receiver,  ns  a  standard  of  comparison. 

{/)  Carbonic  acid  is  expelledfrom  water  by  freezing. '^If  the 
impregnated  water  be  rapidly  congealed,  by  surrounding  it 
with  a  mixture  of  snow  and  salt,  the  frozen  water  has  more 
the  appearance  of  snow  than  of  ice,  its  bulk  being  prodigiously 
increased  by  the  immense  number  of  air  bubbles.  When 
water,  thus  congealed,  is  liquefied  again,  it  is  found,  by  its 
taste,  and  other  properties,  to  have  lost  nearly  the  whole  of 
its  carbonic  acid. 

{§)  Carbonic  acid  gasj  when  combined  with  waler^  reddem 
vegetable  blue  colours.— This  maybe  shown  by  dipping  into 
water,  thus  impregnated,  a  bit  of  litmus  paper,  or  by  mixinfji^ 
with  a  portion  of  it,  about  an  equal  bulk  of  the  infusion  of 
litmus.    This  fact  establishes  the  title  of  the  gas  to  be  ranked 
among  acids.    When  an  infusidn  of  litmus,  which  has  beco 
thus  reddened,  is  cither  heated,  or  exposed  to  the  air,  its  blue 
colour  is  restored,  in  consequence  of  the  escape  of  die  est* 
bonic  acid.     This  is  a  marked  ground  of  distinction  from 
most  other  acids,  the  effect  of  which  is  permanent,  even  after 
boiling. 

(A)  Carbonic  acid  gas  precipitates  lime  water. — This  character 
of  the  gns  is  necessary  to  be  known,  because  it  affords  a  reaJy 
test  of  the  presence  of  carbonic  acid  whenever  it  is  suspected. 
Pass  the  gas,  as  it  proceeds  from  the  materials,  through  a 
portion  of  lime  water.  This,  though  perfectly  transparent 
before,  will  instantly  grow  milky:  Or,  mix  equal  measures  of 
water  saturated  with  carbonic  acid  and  lime  water.  Tlic 
same  precipitation  will  ensue.  By  means  of  lime  water,  ibc 
whole  of  any  quantity  of  carbonic  acid,  existing  in  a  mixture 
of  gases,  cannot,  however,  be  removed,  as  Saussure,  jiui.  has 
shown  ;  but  recourse  must  be  had,  in  order  to  effect  ilscntii^ 
absorption,  to  a  solution  of  caustic  potash  or  sotla. 

(/)  By  the  application  of  the  test  (Ji)  it  will  be  founds  thai 
carbonic  acid  is  generated  in  several  cases  of  combustion.-^l.  l^ 
the  chimney  of  a  small  portable  furnace,  in  which  charcoal  i^ 
burning,  terminate,  at  a  distance  sufficiently  remote  to  sHo'"^ 
of  its  being  kept  cool,  in  the  bottom  of  a  barrel  provid^l 
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with  •  moveable  topi  or  of  a  large  glass  vessel  having  two 
opaiuigs»    A  small  jar  of  lime  water  being  let  down  into  the 
tab  or  vessel^  and  agitated^  the  lime  water  will  immediately 
become  milky.     The  gas  will  also  extinguish  burning  bodies, 
and  prove  fiital  to  animals  that  are  confined  in  it.    Hence  the 
danger  of  exposure  to  the  fumes  of  charcoal,  which,  in  several 
instances,  have  been  known  to  be  fatal.     These  fumes  consist 
of  a  mixture  of  carbonic  acid  and  nitrogen  gases,  with  a  very 
small  proportion  of  oxygen  gas.    2.  Fill  the  pneumato-che- 
mical  trough  with  lime  water,  and  burn  a  candle,  in  a  jar 
filled  with  atmospheric  air,  over  the  lime  water  till  the  flame 
is  extinguished.     On  agitating  the  jar,   the  lime  water  will 
become  milky.    The  same  appearances  will  take  place,  more 
wfeeddy  and  remarkably,  if  oxygen  gas  be  substituted  foe 
common  air.    The  carbonic  acid,  thus  formed  during  com* 
bostioOf  by  its  admixture  with  the  residuary  air,  renders  it 
nore  unfit  for  supporting  flame,  than  it  otherwise  would  be 
Grom  the  mere  loss  of  oxygen.     Hence,  if  a  candle  be  burnt 
ia  oxygen  gas,  it  is  extinguished  long  before  the  oxygen  is 
totally  absorbed,  because  the  admixture  of  carbonic  acid  with 
oxygen  gas,  in  considerable  proportion,  unfits  it  for  support- 
ing combustion.     Whenever  any  substance,  by  combustion  in 
oxygen  gas  or  common  air  over  lime  water,  gives  a  precipi- 
tate^ soluble  with  effervescence  in  muriatic  acid,  we  may  con- 
fidently infer  that  it  contains  carbon. 

{k)  The  rssphralion  of  animals  is  another  source  of  carbonic 
aod.^'On  confining  an  animal  in  a  given  portion  of  atmo- 
spheric air,  over  lime  water,  this  production  of  carbonic  acid 
is  evinced  by  a  precipitation.  The  same  effect  is  also  pro« 
doocd  more  remarkably  in  oxygen  gas.  The  production  of 
carbonic  acid,  by  respiration,  may  be  proved,  also,  by  blow*- 
ii^  the  air  from  the  lungs,  with  the  aid  of  a  quill,  through 
lime  water,  which  will  immediately  grow  milky.  The  car- 
bonic acid,  thus  added  to  the  air,  unfits  it  for  supporting  life, 
not  merely  by  diminishing  the  proportion  of  oxygen  gas,  but 
apparently  by  exerting  a  positively  noxious  effect.  Hence  a 
given  quantity  of  air  will  support  an  animal  much  longer, 
when  the  carbonic  acid  is  removed  as  fast  as  it  is  formed,  than 
wheu  suffered  to  remain  in  a  state  of  mixture.    It  has  been 
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foundy  that  an  atmosphere,  consisting  of  oxygen  gas  and 
carbonic  acid,  is  fatal  to  animals,  though  it  should  contain 
a  larger  proportion  of  oxygen  than  the  air  we  commonly 
breathe* 

(/)  Carbofiic  acid  is  at  all  times  present  in  the  air  ^  the  ai^ 
inosphere. — ^This  might  naturally  be  expected,  from  the  im- 
mense quantity  which  is  constantly  produced  by  respiratioa 
and  combustion.  Its  presence  is  demonstrated  by  leaving  a 
shallow  vessel  of  lime  water  exposed  to  the  atmosphere ;  for  iti 
surface  is  soon  covered  with  a  solid  petticle,  which,  when  re-» 
moved,  is  succeeded  by  another,  and  so  on,  till  the  water  is 
deprived  of  almost  all  the  lime  which  it  held  in  solution.  From 
the  precipitate,  thus  formed,  carbonic  acid  is  disengaged  by 
dilute  acids.  It  has  been  discovered  not  only  in  air  at  ordinary 
heights,  but  was  ascertained  by  Saussure  to  exist  in  the  at- 
mosjihere  on  the  summit  of  Mont  Blanc^  nearly  16,000  feet 
above  the  level  of  the  ^a,  and  was  found  by  Humboldt  in  air 
brought  down  by  Gamerin  from  the  height  of  several  thou« 
sand  feet,  to  which  he  had  ascended  in  an  air  balloon.  (Jour, 
de  Phys.  xlvii.  202.) 

The  proportion  of  carbonic  acid  in  atmospheric  air,  is  esti« 
mated  by  Mr.  Dalton  not  to  exceed  one  thousandth  or  ttitt^'^ 
of  its  bulk.  Saussure,  jun.  examined  its  proportion  in  the 
air  of  an  open  field,  a  few  miles  from  Geneva.*  In  January, 
the  mean  of  three  experiments  showed  4.79  parts  in  10,000; 
in  July  and  August,  7.18  parts  in  the  same  volume,  which 
is  considerably  short  of  the  proportion  determined  by  Mr. 
Dalton.  The  difference  between  the  quantities  discovered 
in  summer  and  winter,  though  on  first  view  very  small, 
viz,  2-^  volumes  in  ten  thousand,  would  constitute  so  target 
quantity,  when  the  whole  atmosphere  is  taken  into  the  ac- 
count, that  the  fact  can  scarcely  be  considered  as  determined 
without  repeated  and  careful  ex)>erinients.  The  uniformity 
of  its  proportion  is  surprising,  when  wc  consider  the  enor- 
mous volumes  that  are  constantly  generated  by  respiration 
and  combustion,  which  scarcely  seem  to  affect  its  relative 
quantity  even  in  the  atmospheres  of  large  manufacturing  towns. 


*  Ann.  de  Cliim.  et  Phys.  ii.  199 ;  and  iii.  170. 
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(m)  Carhmie  acid  retards  the  putrefaction  of  animal  sub^ 
stamces. — This  may  be  proved,  by  suspending  two  equal  pieces 
of  fleth  meat,  the  one  in  common  air,  the  other  in  carbonic 
acid  gas,  or  in  a  small  vessel  through  which  a  stream  of 
carbomc  acid  is  constantly  passing.  The  latter  will  be 
preserved  untainted  some  time  ailer  the  other  has  begun  to 
putrefy. 

(«)  Carbonic  add  gas  exerts  powerful  effects  on  living  vege^ 
tables. — ^These  effects,  however,  vary  according  to  the  mode 
of  its  application . 

Water,  saturated  with  this  gas,  proves  highly  nutritious 
to  plants,  when  applied  to  their  rools.  The  carbonic  acid 
IS  decomposed,  its  carbon  forming  a  component  part  of 
die  vegetable,  and  its  oxygen  being  liberated  in  a  gaseous 
fonsL 

On  the  contrary,  carbonic  acid,  when  a  living  vegetable  is 
confined  in  the  undiluted  gas  over  water,  is  injurious  to  the 
health  of  the  plant,  especially  in  the  shade.  The  late  Mr. 
Henry,  however,  long  ago  found  that  a  certain  quantity  of 
fixed  air,  applied  as  an  atmosphere,  is  favourable  to  vegeta- 
tion; and  M.  Saussnre,  of  Geneva,  has  determinetl  more  re- 
oeotly,  that  the  mixture  of  more  than  i  of  carbonic  acid  with 
common  air  is  always  injurious  ;  but  that  in  this  proportion  it 
promotes  the  growth  of  plants,  and  is  manifestly  decomposed. 
It  is  this  process  of  nature  that  appears  to  be  the  principal 
means  of  preventing  an  excess  of  carbonic  acid  in  the  general 
mass  of  the  atmosphere,  which,  without  some  provision  of 
this  kind,  must  gradually,  in  the  course  of  ages,  be  rendered 
less  and  less  fit  for  respiration. 

Gaseous  Oxide  of  Carbon^  or  Carbonic  Oxide. 

This  gas  appears  to  have  been  first  obtained  by  Dr.  Priest- 
W,  by  the  distillation  of  charcoal  with  oxide  of  zinc;  but  he 
*u  not  aware  of  its  composition,  which  was  first  pointed  out 
by  the  late  Mr.  Cruickshank,  of  Woolwich,*  and  afterwards 
Diore  particularly  by  Clement  and  Desormes.f  The  Dutch 
Society  of  Chemists  objected  to  its  being  regarded  as  a  dis- 


•  Nicholson's  Jouni.i1, 4to.  vol.  v.  f  Ann.  de  Ch.  xxxix.  «6, 
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tinot  species*  and  considered  it  only  as  a  variety  of  earbureled 
hydrogen;*  but  these  objections  were  not  entitled  to  anj 
weight,  and  have  been  completely  set  aside  by  fiuther  in- 
yestigations. 
It  may  be  procured  by  any  of  the  following  processes: 

1.  By  the  distillation  of  the  white  oxide  of  zinc  with  onsi 
eighth  of  its  weight  of  charcoal^  in  an  earthen  or  glass  !•• 
tort;  from  the  scales  which  fly  from  iron  in  forgin([^  mixed 
with  a  similar  proportion  of  charcoal;  from  the  oxides  of 
lead,  manganese^  or,  indeed,  of  almost  every  imperfect  metal» 
when  heated  in  contact  with  powdered  charcoat  It  may  also 
be  obtained  from  the  substance  which  remains  after  prepariiy 
acetic  acid  from  acetate  of  copper. 

2.  From  well  dried  carbonate  of  barytes  or  of  lime  (eo»- 
nion  chalk),  distilled  with  about  one  fiftli  of  charcoal,  or  widi 
rather  a  larger  proportion  of  dry  iron  or  sine  filingSf  which 
afibrd  it  quite  free  from  hydrogen. 

8.  By  transmitting  carbonic  acid  gas  over  charcoal  igoiled 
in  a  porcelain  tube,  the  acid  gas  combines  with  an  additioosl 
dose  of  charcoal ;  loses  its  acid  properties ;  and  is  converted 
into  carbonic  oxide.  An  ingenious  apparatus,  contrived  bj 
M.  Baruel,  and  extremely  useful  for  this  and  similar  purpoieii 
is  described  and  represented  by  a  plate,  in  the  11th  vdumeof 
ISichoIson's  Journal. 

The  last  product  of  the  distillation  is  the  purest,  but  itill 
contains  carbonic  acid,  which  must  be  separated  by  washing 
the  gas  with  lime  liquor  or  solution  of  potassa. 

Its  properties  are  as  follow : 

(a)  It  has  an  offensive  smell. 

{b)  It  is  lighter  than  common  air,  in  the  proportion  of 
0.969i  according  to  Thomson,  or  0.9727  according  to  Ber- 
zelius  and  Dulong.  One  hundred  cubical  inches  weigh  SO 
grains,  the  temperature  being  55^  Fahrenheit,  and  pressure 
29.5  (Cruickshank) ;  or  at  temperature  60°,  and  barometer 
30,  100  cubic  inches  weigh  30.19  grains.  lu  specific  grsvityi 
from  calculation,  according  to  Gay  Lussac,  should  be  MISS* 

(c)  It  is  inflammable,  and,  when  set  fire  to,  as  it  issues  irooi 
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the  orifice  of  a  amall  pipe,  burns  with  a  blue  flame,  The 
temperature  of  an  iron  wire  heated  to  dull  redness  was  found 
by  Sir  H.  Davy  sufficient  to  kindle  it.  When  mixed  with 
common  air,  it  does  not  explode  like  other  inflammable 
gases,  unless  in  very  few  proportions,*  but  burns  silently  with 
a  lambent  blue  flame*  A  mixture  of  two  measures  with  one 
measure  of  common  air  may,  however,  be  exploded  by  a 
lighted  taper,  or  even  by  red-hot  iron  or  charcoal. 

{d)  When  a  stream  of  this  gas  is  burnt,  in  the  manner  de-> 
scribed  in  speaking  of  hydrogen  gas,  no  water  is  condensed 
on  the  inner  surface  of  the  glass  globe,  a  proof  that  the 
gaseous  oxide  contains  no  hydrogen. 

(e)  It  is  sparingly  soluble  in  water;  is  not  absorl)ed  by 
liquid  caustic  alicalies ;  nor  docs  it  precipitate  lime  water. 
*    {/)  It  is  extremely  noxious  to  animals ;  and  fatal  to  them 
if  confined  in  it.     When  respired  for  a  few  minutes,  it  pro- 
duces giddiness  and  fainting.t 

{g)  When  100  measures  of  carbonic  oxide  are  fired  over 
mercury  in  a  detonating  tube,  with  45  of  oxygen  gas,  the 
total  145  are  diminished  to  90,  which,  if  the  gases  employed 
be  pure,  consist  entirely  of  carbonic  acid.  Proportions,  dif^ 
fering  a  little  from  these,  have  been  stated  by  BeithoUet,  viz. 
that  100  measures  of  carbonic  oxide  are  saturated  by  50  mea- 
sures of  oxygen,  and  give  100  of  carbonic  acid ;  and  these  last 
proportions  are  coincident,  also,  both  with  the  theory  and  ex- 
perience of  Gay  Lussac. 

(/r)  It  is  not  expanded  by  electric  shocks,  nor  does  it  appear 
to  undergo  any  change  by  electrization. 

(t)  When  carbonic  oxide,  mingled  with  an  equal  bulk  of 
hydrogen  gas,  is  passed  through  an  ignited  tube,  the  tube  be- 
comes lined  with  charcoal.  In  this  temperature,  the  hydro- 
gen attracts  oxygen  more  strongly  than  it  is  retained  by  the 
charcoal,  and  water  is  formed.  It  was  found,  also,  by  Gay  Lus- 
sac, to  be  decomposed  by  the  action  of  potassium,  which  com- 
bines with  the  oxygen  and  precipitates  charcoal. 

According  to  Mr.  Cruickshank,  it  contains  per  cent,  about 
70  oxygen,  and  30  carbon  by  weight ;  or  the  former  is  to  the 
latter  as  21  to  8.6,  or  as  21  to  9.     Gay  Lussac,  however^ 


*  Didum'i  8jrttefP|  p.  378.  t  ^  P^  Mag.  iliiit  807. 
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makes  it  to  consist  of  43  charcoal  and  57  oxygen ;  Berzcliat 
of  44.28  charcoal  and  55.72  oxygen,  proportions  which  ngree^ 
within  a  smiJl  fraction,  with  those  of  Clement  and  Desorroes. 
It  contains,  therefore,  just  half  the  oxygen  that  exists  in  car- 
bonic acid;  and  it  is  constituted  of  one  atom  of  charcoal  and 
one  atom  of  oxygen,  and  weighs,  according  to  Mr.  DaltODf 
7  +  5.4  =  12.4,  or,  by  the  corrected  numbers,  8  +  6  =  14. 
On  the  theory  of  volumes  it  consists  of  1  volume  of  oxygen 
+  1  vol.  of  gaseous  carbon,  the  oxygen  being  in  such  a  state 
of  expansion  as  to  occupy  the  space  of  two  volumes.  Thus 
we  have  1.1025  (the  specific  gravity  of  oxygen)  h-  2  =  .551 
+  .422  (the  specific  gravity  of  gaseous  carbon)  =  .973,  the 
specific  gravity  of  carbonic  oxide,  as  determined  by  Gaj 
Lussac. 

Art.  2. — Carbon  with  Chlorine. 

Several  attempts  had  been  made  to  effect  the  combinatiod 
of  chlorine  with  carbon,  by  igniting  charcoal  in  chlorine  gas; 
but,  though  unsuccessful,  there  appeared  to  be  no  reason  bt 
inferring  a  want  of  affinity  between  those  two  elements,  wbidi, 
from  other  phenomena,  it  seemed  reasonable  to  conclude  might 
be  rendered  efficient,  by  bringing  the  two  bodies  into  cootact 
in  a  state  favourable  to  their  union.  The  most  probable  me- 
thod seemed  to  be  to  employ  some  compound,  in  which  car- 
bon exists  in  a  minute  state  of  division,  nndyet  not  of  such  in- 
timate combination,  as  to  preclude  its  union  with  chlorine.  Mr. 
Faraday,  therefore,  to  whom  we  are  indebted  for  a  masterly 
set  of  experiments  on  this  subject,  which  ended  in  his  cfibctiog 
the  object  in  view,  employed  a  compound  of  charcoal  and  hy- 
drogen, to  be  hereafter  described  under  the  name  of  olefiant  gaS 
asbeit  adapted  to  the  purpose.  At  present  it  is  only  necessary 
to  observe,  that  olefiant  gas  is  a  coir. pound  of  1  atom  of  car- 
bon with  1  atom  of  hydrogen;  that  when  mixed  with  ^^ 
equal  volume  of  chlorine,  the  three  elements  all  unite  and 
form  a  ternary  liquid  compound  of  chlorine,  carbon,  and  hy- 
drogen; and  that,  by  subjecting  this  triple  compound  to  the 
repeated  action  of  fresh  quantities  of  chlorine,  the  hydrogen 
may  be  entirely  abstracted,  and  a  binary  compound  of  chlo- 
rine luid  carbon  produced. 
To  prepare  this  substanoci  a  retort  or  other  glass  vessd  ^ 
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the  capacity  of  about  200  cubic  inches,  provided  with  a  brass 
ctp  and  stop-cock,  is  first  to  be  exhausted  by  the  air  pump, 
and  then  made  to  communicate  with  a  jar  filled  with  chlorine. 
It  is  next  to  be  screwed  on  a  vessel  full  of  olefiant  gas,  and  as 
much  as  can  find  admission  having  entered,  the  cock  is  to  be 
shot,  and  the  whole  left  for  a  short  time.     When  the  fluid, 
composed  of  chlorine  and  olefiant  gases,  has  formed  and  con* 
densed  on  the  sides  of  the  vessel,  the  vessel  is  again  to  be  placed 
ofcr  olefiant  gas,  and  a  further  portion  admitted.  This  process 
is  to  be  repeated,  till  all  the  chlorine  has  united  to  form  the  fluid, 
lad  the  vessel  remains  full  of  olefiant  gas.     Chlorine  is  then 
to  be  admitted  by  repeated  portions,  in  consequence  of  which 
more  of  the  fluid  is  formed,  and  ultimately  a  large  portion  is 
obtained,  with  an  atmosphere  of  chlorine  above  it.     The  ves^ 
lel  is  now  to  be  exposed  to  the  sun's  rays,  which  cause  the 
immediate  formation  of  muriatic  acid  gas.    This  may  be  ab- 
Goihed  by  admitting  a  small  portion  of  water;  and  then  an- 
other atmosphere  of  chlorine  is  to  be  introduced.     Again  ex- 
posed to  the  light,  this  will  partly  combine  with  the  carbon, 
and  partly  form  muriatic  acid  gas,  which,  being,  as  before, 
abiorbed  by  water,    leaves  i^pacc  for   more   chlorine.      Re- 
peating this  action,  the  fluid   gradually  becomes  thick  and 
opaque,  from  the  formation  of  crystals  in  it,  which  at  last  ad- 
here, to  the  sides  of  the  vessel  as,  it  is  turned  round  :  and  ul* 
timately  the  vessel  contains  only  chlorine,  with  the  accumu** 
lated  impurities  of  the  gases;  a  strong  solution  of  muriatic 
add  coloured  blue  by  its  action  on  the  brass;  and  the  solid 
saUtance  in  question. 

In  order  to  cleanse  the  substance,  the  remaining  gases  are 
first  to  be  blown  out  of  the  vessel  by  a  pair  of  bellows,  and  the 
Vessel  is  then  to  be  filled  with  water  to  wash  away  the  muri- 
atic acid  and  other  soluble  matters  The  new  substance  is  then 
to  be  detached  from  the  inside  of  the  vessel,  and  poured  with 
the  water  into  a  jar.  A  little  alcohol  will  remove  the  last  por- 
tions which  adhere  to  the  gViSs,  and,  when  poured  into  the 
water,  will  precipitate  the  new  compound,  which  must  be  col- 
lected on  a  filtrc,  and  dried  as  much  as  possible  by  pressure 
between  folds  of  bibulous  paper.  It  must  next  be  introduced 
into  a  glass  tube,  and  sublimed  by  a  spirit  lamp.    A  part  will 
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be  decomposed^  but  the  rablitned  portion  is  to  be  dissoWed  m 
alcohol,  and  poured  into  a  weak  solution  of  potash,  by  wbidi 
the  new  substance  is  thrown  down,  and  the  muriatic  acid  ne«* 
tralized  and  separated.  Then  wash  away  the  potash  and  mi»» 
riate  by  repented  aflusions  of  water,  until  the  substance  r»» 
mains  pure ;  collect  it  on  a  filter,  and  dry  it,  first  by  pressure 
between  folds  of  paper,  and  afterwards  by  sulpliuricacid  onder 
the  exhausted  receiver  of  an  air  pnmp.  It  will  now  appear  m 
a  white  pulverulent  substance;  and,  if  perfectly  pure^  will  nd^ 
when  a  little  is  sublimed  in  a  tube,  leave  the  slightest  trace  of 
carbon,  or  afibrd  any  muriatic  acid.  A  small  portion,  dit* 
solved  in  ether,  should  give  no  precipitate  with  nitrate  of  s9« 
ver.  If  not  quite  pure,  it  must  be  re-sublimed,  washed,  and 
.  dried,  as  often  as  is  necessary. 

To  this  compound  Mr.   Faraday  has  given  the  name  of 
per-^hloride  of  carbon.    When  pure,  it  is,  immediately  after 
ftision,  a  transparent  colourless  substance,  having  scarcely  inf 
taste.    Its  odour  is  aromatic,  and  approaches  that  of  camphor. 
Its  specific  gravity  is  as  nearly  as  possible  2.    Its  refractive 
power  is  high,  being  above  that  of  flint  glass  (1.5767.)    Itii 
very  friable,  easily  breaking  down  on  pressure^  and  wlien 
scratched,  has  much  of  the  feel  and  appearance  of  white  sugir* 
It  does  not  conduct  electricity.     It  is  crystallizable,  and  the 
varieties  of  its  form,  which  are  very  numerous  and  interesting, 
result  from  a  primitive  octohedron. 

It  volatilizes  slowly  at  common  temperatures,  and,  likecsm- 
phor,  passes  towards  the  light.  At  320°  Fahr.  it  fuses,  sad 
boils  at  360°.  When  condensed  from  these  rapid  sublims- 
tions,  it  is  in  so  transparent  and  colourless  a  state^  that  it  is 
difficult  to  perceive  where  it  is  loilged. 

It  is  not  readily  combustible.  When  held  in  the  flame  of 
a  spirit  lamp,  it  bums  with  a  red  flame,  emitting  much  stnoke 
and  acid  fumes ;  but  when  removed  from  the  lamp,  combustion 
ceases.  In  an  atmosphere  of  pure  oxygen,  it  bums  with  * 
brilliant  light. 

It  is  very  sparingly  soluble  in  water,  cither  hot  or  cold,  M 
dissolves  readily  in  alcohol,  especially  if  heated.  The  solo- 
tion  is  decomposctl  when  poured  into  water,  and  gives  reff^' 
lar  crystals  on  cooling  or  evaporation,  but  does  not,  with  ni- 
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trate  of  silver,  form  the  chloride  of  that  metal.  Ether,  par- 
ticularly when  heated,  dissolves  it,  even  more  readily  than 
doobol.  It  is  soluble  also  in  volatile  oils,  and  in  fixed  oils, 
but  the  latter  solutions  assume  a  charred  appearance  when 

It  is  not  changed  by  solutions  of  pure  alkalies,  even  when 
spidted  boiling  hot ;  nor  is  it  attacked  by  concentrated  and 
heated  muriatic,  nitric,  or  sulphuric  acids. 

When  transmitted  in  vapour  mixed  with  oxygen  gas  tlirough 
sredbot  tube,  there  is  a  decomposition,  and  mixtures  of  chio* 
line^  carbonic  acid,  carbonic  oxide,  and  chloro-carbonic  acid, 
mt  evolved.  It  is  decomposed  also  by  per-oxide  of  mercury 
vith  the  aid  of  heat 

Chlorine  has  no  action  on  it  Iodine  cither  unites  with  it, 
or  at  high  temperatures  takes  away  a  portion  of  chlorine. 
Hydrogen  gas,  when  transmitted  along  with  it  through  red* 
liot  tubes,  decomposes  it,  and  muriatic  acid  and  charcoal  are 
produced. 

Sulphur,  at  moderate  temperatures,  unites  with  it;  at  higher 
ooe%  removes  one  portion  of  chlorine.  The  same  cflect  is  pro* 
dnoed  by  phosphorus.  Charcoal  is  quite  inefficient  on  it 
Most  of  the  metals  decompose  it  with  the  aid  of  heat,  forming 
chbridcs,  and  charcoal  being  liberated.  Pcr-K>xides  produce 
vith  it.  at  a  high  temperature,  chlorides  and  carbonic  acid ;  pro- 
toxides afford  dilorides  and  carbonic  oxide. 

In  forming  this  substance,  Mr.  Faraday  believes  that  five 
irolaaies  of  chlorine  gas  saturate  one  of  olefiant,  and  produce 
Ibor  volumes  of  muriatic  acid  gas;  that  three  volumes  of  the 
dik>rine  combine  with  the  two  volumes  of  charcoal  existing  in 
the  olefiant  gas  to  form  the  crystalline  solid ;  and  that  when 
chlorine  acts  on  the  fluid  compound  of  chlorine  and  olefiant 
gBii  for  every  volume  of  chlorine  that  combines,  an  equal  vo- 
lume of  hydrogen  is  separated.  The  results  of  its  decompo* 
ntion  by  per-oxide  of  copper,  confirm  these  views,  and  tend 
to  establish  that  the  compos^ition  of  per-chloride  is 

3  atoms  of  chlorine ^   108 

ditto  of  car  bon ss     12 


Weight  of  its  atom ....  120 
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Proio-chloride  of  Carbon. 

By  passing  the  vapour  of  per-chloride  of  carbon  over  frag- 
ments of  rock  crystal  ignited  in  a  glass  tube,  the  upper  part  of 
which  is  bent  up  and  down  two  or  three  times,  so  that  the 
angles  may  form  receivers  for  the  new  compound,  a  partial  de- 
composition is  effected ;  one  portion  of  chlorine  is  separated 
and  escapes ;  and  the  remainder,  continuing  united  to  the 
carbon,  forms  a  fluid  substance,  which  may  be  collected  and 
purified  by  repeated  distillations.  This  is  the  proio^hloride 
qfcarhon. 

It  is  a  highly  limpid  and  perfectly  colourless  fluid ;  its  spe* 
cific  gravity  is  1.5526;  it  is  a  non-conductor  of  electricity; 
its  refractive  power  is  1.4875,  being  very  nearly  that  of  cam- 
phor. It  is  not  combustible,  except  when  held  in  the  flame 
of  a  spirit  lamp,  and  then  it  bums  with  a  bright  yellow  light, 
much  smoke,  and  fumes  of  muriatic  acid.  o 

It  docs  not  become  solid  at  0^  Fahr.  When  its  tempera- 
ture  is  raised  under  the  surface  of  water  to  between  160^  and 
170^9  it  is  converted  into  vapour,  and  remains  in  that  state 
till  the  tem))erature  is  lowered.  \('hen  its  vapour  is  passed 
over  ignited  fragments  of  rock  cryctal,  it  undergoes  a  partial 
decom}x>sition. 

It  is  not  misciblc  with  water,  but  is  soluble  in  alcohol,  ether, 
and  fixed  and  volatile  oils.  Neither  alkaline  solutions  nor 
strong  acids  produce  any  effect  upon  it.  It  is  not  decom- 
posed by  solutions  of  silver.  Oxygen  gas,  at  high  tempera- 
tures, forms  with  it  carbonic  oxide,  and  chlorine  is  liberated. 
Hydrogen,  under  the  same  circumstances,  forms  muriatic  acid 
with  its  chlorine,  and  charcoal  appears.  The  metals,  at  high 
degrees  of  heat,  absorb  the  chlorine^  and  liberate  charcoal ; 
oxides,  according  to  their  proportion  of  oxygen,  form  with  it 
either  carbonic  acid  or  carbonic  oxide. 

By  analysis,  effected  by  per-oxide  of  copper,  it  is  shown  to 
be  constituted  of 

1  atom  of  chlorine 36 

1  ditto  of  carbon 6 

Weight  of  its  atom 42 
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,  Sulhchloride  of  Carbon. 

A  third  compound  of  chlorine  and  carbon  was  brought  over 
from  Sweden  by  M.  Julin,  of  Abo,  where  it  had  been  acci- 
dentally formed  during  the  distillation  of  nitric  acid  from  crude 
nitre  and  sulphate  of  iron.  The  quantity  produced  at  each 
process  did  not  exceed  a  few  grains,  which  condensed  in  fine 
white  feathery  crystals  in  a  glass  tube  connecting  the  first  and 
Mond  receiver.  Its  properties  are  described  by  M.  Julin  as 
fallows:  (Ann.  of  Phil.  N.  S.  i.  216.) 

It  is  white;  consists  of  small  soft  adhesive  fibres;  sinks 
dowly  in  water ;  is  insoluble  in  it  whether  hot  or  cold ;  is 
tiiteless;  has  a  peculiar  smell,  somewhat  resembling  sperma- 
ceti; is  not  acted  upon  by  concentrated  and  boiling  acids  or 
Allies,  except  that  some  of  them  dissolve  a  small  portion  of 
nlphur;  dissolves  in  hot  oil  of  turpentine  and  in  alcohol,  but 
sort  of  it  crystallizes  in  needles  on  cooling ;  bums  in  the 
lune  of  a  lamp  with  a  greenish  blue  flame,  and  a  slight  smell 
ofdilorine;  when  heated  melts,  boils,  and  sublimes  between 
^SCP  and  450°  Fahr.,  or  sublimes  slowly  at  a  heat  of  250"^, 
filming  long  needles.  Potassium  burns  with  a  vivid  flame  in 
its  vapour,  and  charcoal  is  deposited ;  and  a  solution  of  the 
renduum  in  nitric  acid  gives  a  copious  precipitate  with  nitrate 
of  silver. 

A  small  quantity  of  this  substance,  having  been  put  into  the 
hinds  of  Messrs.  K.  Phillips  and  Faraday,  has  been  made  by 
them  the  subject  of  analysis.  They  found  that  it  might 
ttsdily  be  purified  from  sulphur  by  boiling  in  liquid  pot- 
itsh,  washing  in  water,  drying,  and  subliming,  when  it 
ftrmed  beautiful  acicular  crystals,  in  the  form  of  four-sided 
prisms. 

It  was  decomposed  into  chlorine  and  charcoal  by  being 
passed  over  red  hot  fragments  of  rock  crystal.  •  Its  vapour, 
teing  detonated  over  mercury  with  excess  of  oxygen,  gave 
carbonic  acid  gas  and  chloride  of  mercury.  When  heated 
^ih  phosphorus,  iron,  or  tin,  chlorides  of  those  substances 
"^tte  formed,  and  charcoal  deposited.  Its  analysis  was  ef- 
^5*ted  in  two  ways ;  by  being  transmitted  over  ignited  per- 
VOL.  I.  2  a 
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oxide  of  copper,  and  over  dry  quick-lime.     Both  processes 
gave  results  which  conspire  to  show  that  it  is  constituted  of 

1  atom  of  chlorine   36 

2  atoms  of  carbon    12 

Weight  of  its  atom  ....  48  ♦ 

a 

Messrs.  Phillips  and  Faraday  have  not  given  any  name  (o  ^ 
this  compound.     It  may  be  called,  provisionally,  the  sob* 
chloride  of  carbon. 

Thus  we  have  three  distinct  compounds  of  chlorine  and  ^ 
carbon^  viz. 

At.  of  Chlor.    At.  of  Cuk 

The  per-chloride    3     +     2  f 

The  proto-chloride    1     -f     1  3 

The  sub-chloride   1     -f  •     2  3 

ia 
It  is  probable  that  another  chloride  of  carbon  will  here*  j 

after  be  found,  consisting  of  two  atoms  ol  chlorine  and  one  sf  i 

carbon. 


4 


SECTION  IV. 

Boron. 

Boron  was  first  obtained  by  Sir  H.  Davy  in  1808  by  tbe 
action  of  Voltaic  electricity  on  boracic  acid.  When  that  acid, 
slightly  moistened  with  water,  was  exposed  between  two  sxO' 
faces  of  platina  to  a  battery  of  500  pairs  of  plates,  an  elite 
brown  matter  began  immediately  to  appear  on  the  negatiie 
surface,  and  gradually  increased  in  quantity.  This  substance 
was  found  not  to  be  acted  on  by  water,  but  to  dissolve  with 
effervescence  in  warm  nitric  acid.  When  heated  to  redoctf 
on  platina,  it  burned  slowly,  and  boracic  acid  was  regenerated. 
Hence  the  name  of  boron  has  been  applied  to  it. 

The  same  substance  was  afterwards  obtained  more  aboo* 
dantly  by  Gay  Lussac  and  Thenard,  by  the  action  of  potaisiuflk 
Equal  parts  of  potassium  and  very  pure  and  vitreous  boracic 
acid  were  put  into  a  cppper  tube,  which  was  gradually  heated  to 
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redness.  At  the  temperature  of  302^  Fabr.  the  mixture  be* 
came  suddenly  red,  and  the  metal  disappeared  by  acting  on 
the  boracic  acid.  By  washing  the  residuum  with  warm  water, 
a  greenish  brown  or  olive  substance  was  obtained,  which  is  the 
base  or  radical  of  boracic  acid. 

This  substance  is  insoluble  in  water,  it  is  destitute  of  taste, 
and  does  not  affect  vegetable  blue  colours.  Mixed  with 
chlorate  or  nitrate  of  potash,  and  projected  into  a  red  hot 
crucible,  it  burns  vividly,  and  boracic  acid  is  reproduced.  In 
close  vessels  it  may  be  exposed  to  a  strong  heat,  without 
undergoing  any  change  except  an  increase  of  density,  for  it 
now  sinks  in  sulphuric  acid  of  sp.  gr.  l.Shli.  It  is  a  non-con- 
ductor of  electricity. 

When  heated  to  600^  Fahr.  in  the  open  air,  it  burns  vividly, 
absorbs  oxygen,  and  affords  boracic  acid;  but  the  coating,  which 
it  acquires  of  that  acid,  soon  stops  the  combustion.  The  quan- 
tity of  oxygen  absorbed  by  a  given  weight  has  been  investi- 
gated by  Gay  Lussac  and  Thenard,  and  by  Sir  H.  Davy. 
According  to  the  latter,  100  parts  of  boron  absorb  174  of 
oxygen.  Berzelius  investigated  the  same  problem  indirectly, 
and  was  led  to  conclude  that  100  of  boron  unite  with  SCO  of 
oxygen  to  form  boracic  acid.  Dr.  Thomson,*  after  pursuing 
the  same  enquiry  by  different  means,  infers  that  100  grains  of 
boron  condense  266-6  grains  of  oxygen,  which  are  in  the  pro- 
portions of  6  to  16,  indicating  that  the  composition  of  boracic 
acid  agrees  exactly  with  that  of  the  carbonic,  as  to  the  relative 
proportions  of  base  and  oxygen.  According  to  this  view, 
the  atom  of  boron  weighs  6 ;  and  each  atom,  to  form  boracic 
acid,  combines  with  two  atoms  of  oxygen,  (8x2=16)  and 
the  atom  of  acid  weighs  22.  These  results,  however,  are  still 
liable  to  considerable  uncertainty. 

Boron  with  Oxygen,  — Boracic  acid. 

I.  This  acid  is  very  rarely  to  be  found  native;  having  been 
discovered  hitherto  only  in  the  Lipari  islands,  and  in  the 
hot  springs  of  Sasso  in  the  Florentine  territory.     For  pur- 


♦  Ann.  of  Phil.  N.8.  ii.  151. 
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poses  of  experiment,  it  is  obtained  from  the  purified  borax  of 
commerce,  by  one  of  the  following  processes : 

1.  To  a  solution  of  borax,  in  boiling  water,  add  half  itt 
weight  of  sulphuric  acid,  previously  diluted  with  an  equal 
quantity  of  water.  Evaporate  the  solution  a  little;  and,  <Ml 
cooling,  shining  scaly  crystals  will  appear,  which  consist  of 
boracic  acid.  Let  them  be  well  washed  with  distilled  wafar^ 
and  dried  on  filtering  paper* 

2.  Let  any  quantity  of  borax  be  put  jnto  a  retort,  widi 
half  its  weight  of  sulphuric  acid,  and  half  its  weight  of  watcid 
Boracic  acid  may  be  obtained  by  distillation,  and  may  be  pa*' 
rified,  by  washing  in  water,  Sec,  as  before.  By  neither  if 
these  processes,  however,  is  it  obtained  perfectly  pare;  ht 
electrical  analysis  discovers  in  it  a  minute  portion  both  of 
alkali  and  of  sulphuric  acid.     (Davy.) 

II.  Boracic  acid  has  the  following  qualities : 

1.  It  has  the  form  of  thin  white  scales,  is  destitute  of  smdl}  i= 
and  nearly  so  of  taste.     Its  specific  gravity  is  1.479. 

2.  It  fuses,  when  heated,  and  loses  its  water  of  crjrstsllin* 
lion,  which,  according  to  Dr.  Thomson,  amounts  to  44>.5  bom 
loo  of  the  crystals.  If  the  heat  be  increased  suddenly,  bebre 
it  has  lost  its  water  of  crystallization,  it  sublimes;  but,  ocber* 
wise,  it  melts  into  a  glass,  which  is  permanent  in  the  strongeit 
fire,  and  has  the  specific  gravity  1.803.  I 

S.  It  is  generally  described  as  soluble  in  twelve  parts  of  \ 
cold  water,  and  in  three  or  four  of  boiling  water ;  but,  ic» 
cording  to  Sir  H.  Davy,  even  boiling  water  does  not  take  op 
above  -j^V  of  its  weight. 

4.  This  solution  reddens  vegetable  blue  colours,  and  efiei^ 
vesces  with  alkaline  carbonates.  It  is  remarkable,  however, 
that  it  reddens  turmeric  in  the  same  manner  as  slksliit 
(Farada)'.) 

5.  It  is  suUible  in  alcohol,  and  the  solution  burns  with  s 
beautiful  green  flame. 

Boron  with  chlorine. — Boron  burns  with  considerable  q:)Ieih 
dor  in  chlorine  gas,  but  the  compound  which  it  forms  lutf 
not  been  investigated.  The  same  may  be  said  of  its  combins- 
tion  with  iodine. 
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Fluoborlc  Acid. 

With  the  Yiew  of  obtaining  fluoric  acid  gas  perfectly  free 
from  water,  Sir  H,  Davy  and  Gay  Lussac  appear  to  have 
Ind  recourse  to  the  same  expedient,  viz.  that  of  distiHing  per- 
fectly dry  boracic  acid  with  fluate  of  lime.     When  these  sub- 
stances were  exposed  to  a  strong  heat  in  an  iron  tube,  in  the 
proportion  of  one  part  of  the  former  to  two  of  powdered  fluor 
for,  a  gas  was  collected  in  great  quantity,  which  exhibited 
ingular  properties,  and  to  which  Messrs.  Gay  Lussac  and 
Tbenard  have  given  the  name  of  gas  Jluohorique  or  fluoboric 
lod  gas.     It  may,  also,  be  obtained  by  distilling  in  a  retort 
AM  part  of  vitreous  boracic  acid  with  two  of  fluor  spar  and 
13  of  sulphuric  acid.     One  hundred  cubic  inches  weigh  73.5 
grains. 

This  gas,  according  to  the  latter  chemists,  appears  to  con- 
tun  no  water,  and  to  have  so  strong  an  affinity  for  it,  as  to  take 
H  from  other  gases  which  hold  water  in  combination.  Hence, 
when  mixed  with  most  of  those  gases,  on  which  it  does  not 
^uxi  a  cliemical  action,  such  as  atmospheric  air,  it  loses  its 
ttuisparency  and  becomes  cloudy. 

With  ammoniacal  gas  it  unites  in  two  proportions.  If  the 
dkallne  gas  be  put  first  into  the  tube,  equal  measures  combine 
together,  and  the  compound  is  neutral.  But  if  we  admit 
flnoboric  gas  by  babbles  to  the  alkaline  gas,  we  obtain  a  com* 
pound,  with  an  excess  of  base,  consisting  of  one  measure  of 
fluoboric  gas  to  two  of  ammonia. 

Fluoboric  gas  is  absorbed  copiously  by  water,  which  takes 
Up  700  times  its  bulk,  and  acquires  the  specific  gravity  1.77. 
The  saturated  solution  has  the  causticity  and  aspect  of  strong 
^Iphuric  acid ;  requires  for  ebullition  a  temperature  consider- 
^ly  exceeding  212°  Fahrenheit;  and  is  condensed  again  in 
•triae  which  contain  much  gas.  From  analogy.  Gay  Lussac 
<ii|^K>9es  that  nitric  and  even  sulphuric  acids  would,  if  they 
Qoakl  be  obtained  free  from  water,  be  equally  elastic  with 
this  acid. 

When  potassium  or  sodium  was  heated  in  fluoboric  gas, 
Gay  Lussac  and  Thenard  obtained  fluate  of  potash  or  soda^ 
^  the  base  of  the  boracic  acid  was  separated. 
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The  liquid  ncid  acts  almost  as  intensely  as  sulphuric  acid  on 
vegetable  substances.  It  blackens  paper,  and  affords  a  true 
ether  with  alcohol.     It  has  no  effect  in  corroding  glass. 

From  analysis,  Gay  Lussac  and  Thenard,  as  well  as  Sir  H. 
Davy,  have  determined  it  to  be  a  compound  of  boracic  and 
fluoric  acids,  in  proportions  not  yet  ascertained. 


SECTION  V. 

Phosphorus. 

Phosphorus  was  discovered  about  the  year  1669  by  Brandt, 
an  alchemist  of  Hamburgh,  while  employed  in  the  research 
after  the  art  of  converting  the  baser  metals  into  gold  and 
silver ;  and  afterwards  by  Kunckel,  a  German  chemist.  But 
the  method  of  preparing  it  was  not  publicly  divulged  by 
either  of  those  persons;  and  it  was  not  till  1737)  that  a  com- 
mission,  appointed  by  the  French  Academy  of  Sciences,  was 
instructed  by  a  stranger  in  the  process.  It  consisted  in  eva- 
porating putrid  urine  to  dryness,  and  distilling  the  residuum 
at  an  intense  heat  in  a  stoneware  retort.  Margraff  improved 
the  process  by  adding  a  salt  of  lead  to  the  urine;  and  in  1769 
Gahn,  of  Sweden,  having  discovered  the  phosphoric  acid  iu 
bones,  invented  the  method  of  preparing  phosphorus  which 
is  now  generally  followed. 

I.  Phosphorus  is  an  inflammable  substance,  and  is  distin- 
guished by  the  following  external  characters. 

(a)  It  has  generally  a  flesh-red  colour,  but,  when  carefully 
purifled,  may  be  obtained  colourless,  and  pcifectly  transpa- 
rent. Its  specific  gravity  is  1.77.  It  is  necessary  to  preserve 
it  under  water  in  well-ciosed  bottles. 

{b)  It  is  so  soft  that  it  readily  yields  to  the  knife* 

(c)  It  melts  at  about  109°  or  110°  Fahrenheit,  and  boils  at 
550°.  When  melted,  it  must  be  covered  with  water,  in  order 
to  prevent  it  from  inflaming.  Exposed  to  a  heat  of  between 
140°  and  160°  Fahrenheit,  and  suddenly  cooletl,  it  becomes 
black;  but,  if  slowly  congealed,  it  remains  transparent  and 
colourless :  when  cooled  at  a  moderate  rate,  it  assumes  the 
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fcmi-transpareiicy  of  horn.  According  to  Thenard,  however, 
it  is  not  all  phosphorus  that  exhibits  these  properties,  but  only 
that  which  has  undergone  repeated  distillations. 

{d)  In  the  atmosphere  it  emits  a  white  smoke,  and  a  pecu- 
liar smell;  and  a  faint  and  beautiful  light  arises  from  it;  but 
these  appearances  do  not  take  place  in  air  which  has  been 
artificially  dried.     . 

If  a  cylinder  of  phosphorus  be  introduced  into  a  vessel  of 
oxygen  gas  over  mercury,  at  a  temperature  not  exceeding 
80^  Fahrenheit,  no  perceptible  absorption  will  happen  in  2^ 
hours;  but  if,  the  temperature  remaining  the  same,  the  pres- 
wre  be  diminished  to  -J-th  or  -ji^  th  that  of  the  atmosphere,  the 
phosphorus  will  be  surrounded  by  white  vapours,  will  be* 
come  luminous  in  the  dark,  and  will  absorb  oxygen.  Under 
ordinary  pressures,  a  higher  temperature  is  required  to  pro^ 
duce  this  effect;  but  it  is  remarkable,  that  if  the  density  of  the 
oxygen  be  reduced  in  the  above  propoition,  by  mixing  it  with 
izote^  hydrogen,  or  carbonic  acid,  the  phosphorus  becomes 
luminous.  Hence  phosphorus  absorbs  oxygen  from  atmo- 
q)heric  air  with  an  extrication  of  light. 

II.  Phosphorus  is  inflamed  by  the  application  of  a  very 
gentle  heaL  According  to  Dr.  Higgins,  a  temperature  oi  60° 
is  sufficient  to  set  it  on  fire,  when  perfectly  dry.  It  burns 
when  heated  to  about  148°,  with  a  very  brilliant  light,  a  white 
smoke,  and  a  suffocating  smell,  and  may  even  be  inflamed  in 
an  atmosphere  rarefied  sixty  times.     (Van  Marum.) 

1.  It  may  be  set  on  fire  by  friction.  Rub  a  very  small  bit 
between  two  pieces  of  brown  paper ;  the  phosphorus  will  in- 
flame, and.will  set  the  paper  on  fire  also. 

2.  In  oxygen  gas  it  burns  with  a  very  beautiful  light;  and 
ilfio  in  nitrous  oxide,  and  chlorine  gases.  The  product  of  the 
rapid  combustion  of  phosphorus  in  oxygen  gas  is  exclusively 
phosphoric  acid. 

III.  Phosphorus  is  volatile  at  550°.  Hence  it  may  be  raised 
by  distillation ;  but,  to  prevent  ils  taking  fire  on  the  applica- 
tion of  heat,  the  retort  should  previously  be  filled  with  azotic 
or  hydrogen  gas,  and  the  mouth  of  the  retort  be  immersed  in 

water. 
To  accomplish  this,  the  quantity  of  phosphorus^  which  it  is 


860  OF  SIMPLE  ACIDIFIABLE  BODIES.        CHAP*  VIf« 

intended  to  rectify,  should  first  be  put  into  the  retort,  with  a 
sufficient  portion  of  water  to  cover  it.     The  water  must  then 
be  made  hot  enough  to  melt  the  phosphorus,  which,  on  cool- 
ing, forms  a  compact  mass,  of  the  shape  of  the  bottom  of  the 
retort.     When  cold,  fill  the  retort,  and  its  neck  also,  with 
water^  and  invert  it  in  water.     Displace  the  water  by  hydrogen 
gas,  forced  from  a  bladder  through  a  bent  pipe ;  keep  the  finger 
on  the  open  end  of  the  retort  neck ;  place  it  in  a  sand  bath ; 
and  immerse  the  mouth  of  it  in  water.     Then  apply  beat  very 
cautiously.      A  bladder  should  also.be  provided,  furnbhcd 
with  a  stop-cock  and  brass  pipe,   and  filled  with  hydrogen 
gas.    During  the  distillation,  the  gas,  in  the  retort,  is  ab- 
sorbed, and  it  is  necessary  to  add  more  from  the  bladder, 
otherwise  the  water  will  rush  into  the  retort,  and  occasion  an 
explosion.      By  distillation,   in    this  mode,    phosphorus  is 
rendered  much  purer.    In  the  neck  of  the  retort  a  substance  is 
(X)ndensed  of  a  beautiful  red  or  carmine  colour,  which  is  t 
combination  of  carbon  and  phosphorus,  or  a  phosphurei  ff 
carbon.  Thenard  observes  that  phosphorus,  however  frequently 
distilled,  cannot  be  freed  entirely  from  charcoal,  a  minute 
quantity  of  which  does  not  impair   its  whiteness  or  trans- 
parency. 

The  only  information,  which  we  possess,  respecting  ihc 
nature  of  phosphorus,  is  derived  from  the  electro-chemical  re- 
searches of  Sir  H.  Davy.  When  acted  upon  by  a  battery  of 
500  pairs  of  plates  in  the  same  manner  as  sulphur,  gas  was 
produced  in  considerable  quanlities,  and  the  phosphorus  be- 
came of  a  deep  red-brown  colour.  The  gas  proved  to  bcplias- 
phureted  hydrogen,  and  was  equal  in  bulk  to  about  four  limes 
the  phogphorus  eniploycd.  Hence  hydrogen  may  possibly  be 
one  of  its  components ;  but  no  confirmation  of  the  truth  of 
this  view  is  derived  from  the  recent  experiments  of  the  fsnic 
philosopher,  which,  indeed,  are  rather  contradictory  to  it. 

Art.   1. — Phosphorus  and  Orygtn. 
Phosphorus  may  be  oxygenized  in  various  modes.* 


*  On  tho  oiides  of  phosphorus,  sec  Nicholson's  Joaroal,  ri.  134. 
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(a)  By  exposure  to  atmospheric  nir.  Let  a  stick  of  phos« 
phorus  be  placed  in  a  funnel)  the  pipe  of  which  terminates  in 
an  empty  bottle.  The  phosphorus  will  be  slowly  oxygenized, 
and,  afler  some  time,  will  be  changed  into  an  acid,  which  will 
iali  into  the  bottle  in  a  liquid  state. 

A  large  quantity  of  acid  may  be  obtained,  if  a  number  of 

sticks  be  thus  exposed :  and  as  they  would  be  in  danger  of 

taking  fire^  if  heaped  together,  each  stick  should  be  enclosed 

in  a  glass  tube,  of  rather  larger  diameter  than  itself.     These 

tubes  must  be  disposed  round  a  funnel,  the  pipe  of  which 

terminates  in  a  bottle.  The  whole  should  be  covered  by  a  belU 

imped  receiver,  the  air  of  which  is  to  be  frequently  changed. 

The  acid  thus  obtained  is  a  mixture  of  phosphorous  and  phos^ 

phtiric  acids,  &c.     Dulong,  indeed,  believes  it  to  be  a  distinct 

compound,  for  which  he  has  proposed  the  name  of  pliosphaiic 

iKuL*     But  this  view  of  its  composition  is  not  supported  by 

the  recent  investigations  of  Sir  H.  Davy,  who  still  considers 

it  u  a  mixture  of  the  two  well-known  acids  of  phosphorus. 

Phosphorus,  kept  under  water  in  a  bottle  partly  filled  with 
that  fluid,  and  into  which  fresh  nir  is  occasionally  admitted, 
becomes  slowly  oxygenized,  pardy  into  a  soluble  compound 
which  the  water  takes  up,  and  partly  into  a  white  substance 
that  invests  the  sticks  of  phosphorus  with  an  insoluble  crust. 
This  appears  to  be  an  oxide  of  phosphorus. 

When  phosphorus  is  burned  in  a  quantity  of  atmospheric 
air  much  short  of  that  which  is  required  to  consume  it,  the 
Ubburned  ])ortion  consists  of  a  red  oxide,  mixed  with  uncon- 
Bumed  phosphorus  and  phosphoric  acid.  The  red  substance 
is  an  oxide  of  phosphorus,  but  neither  the  precise  composition 
of  this  nor  of  the  white  oxide  has  been  yet  ascertained.  It 
has  been  conjectured,  indeed,  that  the  white  compound  is  a 
hydralej  composed  of  water  united  with  the  red  oxide. 

When  phosphorus  is  burnt  in  highly  rarified  air,  three  pro- 
ducts arc  formed — a  red  solid  comparatively  fixed,  and  requir- 
ing a  heat  above  212°  for  its  fusion — a  white  and  easily  volatile 
substance,  which  is  combustible,  soluble  in  water,  and  has  acid 
properties — and  a  substance,  which  is  strongly  acid  and  not 


•  Phil.  Mag.  xkni.  273, 
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volatile,  even  at  a  white  heat.  The  first  appears  to  be  a 
mixture  of  unburned  phosphorus  and  phosphorous  acid ;  the 
second  to  be  phosphorous  acid ;  and  the  third  to  be  phos- 
phoric acid. 

(0)  Phosphorus  inflames  vividly  in  oxygen  gas.  When  burnt 
in  this  manner,  every  hundred  parts  of  phosphorus,  according 
to  Lavoisier,  gain  an  addition  of  154.  From  this  result,  a 
subsequent  one  of  Sir  H.  Davy  scarcely  differs,  viz.  that  100 
grains  of  phosphorus  condense  450  cubic  inches,  6r  153  grains, 
of  oxygen  gas;  but  having  examined  the  subject  anew,  with 
every  attention  to  the  accuracy  of  his  results,  and  with  the  ad- 
vantage of  improved  methods  of  operating,  he  found  that, 
taking  an  average  of  three  experiments,  100  grains  of  phos- 
phorus condense  only  135  grains  of  oxygen.  In  this  estimate, 
100  cubic  inches  of  oxygen  gas  are  assumed  to  weigli  S3.9 
grains,  the  barometer  being  at  28.8  inches,  and  Fahrenlieit's 
thermometer  at  from  46°  to  49°. 

(c)  By  the  nitric  acid.  If  phosphorus  be  cautiously  added, 
by  small  fragments  at  once,  to  nitric  acid,  heated  in  a  retort, 
the  nitric  acid  is  decomposed,  and  its  oxygen,  uniting  with 
the  phosphorus,  constitutes  phosphoric  acid.  A  tubulated 
retort  must  be  used  for  this  purpose;  and  its  neck  may  termi- 
nate in  the  apparatus  already  described  for  procuring  nitric 
acid.  By  this  contrivance  a  considerable  quantity  of  nitric 
acid  will  be  saved.  The  liquid,  remaining  in  the  retort,  may 
be  heated  in  an  open  capsule  to  a  thick  consistence,  in  order  to 
expel  the  redundant  nitric  acid,  and  also  to  drive  off  a  portion 
of  ammonia,  which  Mr.  R.  Phillips  has  observed  to  be  formed 
during  the  action  of  the  nitric  acid,  the  nitrogen  of  which 
unites  with  hydrogen  liberated  at  the  same  moment  by  the 
decomposition  of  water. 

Phosphorous  Add. 

Phosphorous  acid  cannot,  according  to  Sir  H.  Davy,     ^^ 
obtained  pure  by  exj>osing  cylinders  of  phosphorus  to  ntif "»  ^' 
spheric  air;  for,  when  thus  prepared,  it  always  contains  ph 
phoric  acid.     It  can  only  be  procured  in  a  state  of  puri 
first,  by  subliming  phosphorus  through  corrosive  sublimaC 


SECT.  V.  PHOSPHOttUS.  S63 

then  mixing  the  product  ivith  water  and  heating  it,  till  it 
becomes  of  the  consistence  of  syrup.  The  liquid  obtained  is 
a  compound  of  pure  phosphorous  acid  and  water,  which  be- 
comes solid  and  crystalline  on  cooling.  It  is  acid  to  the 
taste,  reddens  vegetable  blues,  and  unites  with  alkalies. 

The  theory  of  this  process  is,  that  when  the  compound  of 
phosphorus  and  chlorine,  formed  in  the  first  operation,  is 
brought  into  contact  with  water,  the  water  is  decomposed ;  its 
hydrogen  uniting  with  chlorine  composes  muriatic  acid ;  and 
its  oxygen  combining  with  phosphorus  forms  phosphorous 
acid.     From  this  mixture  of  acids,  heat  expels  the  muriatic. 

The  phosphorous  acid  exhales  a  disagreeable  foetid  odour ; 
and  yields,  when  strongly  heated,  penetrating  white  vapours. 
When  heated  in  a  glass  ball,  blown  at  the  end  of  a  small  tube, 
a  gas  issues  from  the  orifice  of  the  tube,  which  inflames  on 
coining  into  contact  with  the  atmosphere.  Hence  it  appears 
to  contain  an  excess  of  phosphorus.  I'he  residuum  in  the 
ball  is  phosphoric  acid.  From  the  experiments  of  Rose  on 
the  phosphoric  acid,  Gay  Lussac  infers  that  phosphorous 
acid  must  consist  of 

Phosphorus...  56.81    100  •...  132 

Oxygen 43.19  ....     76  ....   100 

100. 

These  proportions  do  not  differ  materially  from  those  stated 
by  Dulong,  who  makes  phosphorous  acid  to  consist  of  100 
phosphorus  +  74.88  oxygen.*  They  agree,  also,  still  more 
nearly,  with  the  following  statement  of  Berzclius,  according 
to  whom  this  acid  consists  of 

Phosphorus 56.52  i 100. 

Oxygen 43.476 76.92 

lOO.f 

Sir  H.  Davy,  however,  afler  a  careful  investigation  of  the 

institution  of  phosphorous  acid,  has  more  lately  been  led  to 

^ ___^^^_^^_^_^____^_^__^ * 

•  Phil.  Mag.  xlviji.  273.  f  -Aim.  de  Cliim.  ct  Phys.  ii.  287. 
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conclude  that  the  oxygen,  which  it  contains,  is  just  one  half  of 
that  existing  in  phosphoric  acid ;  or  that,  in  the  former,  100 
grains  of  phosphorus  are  united  with  only  67.5  of  oxygen. 
Hence  100  grains  of  phosphorous  acid  must  consist  of 

Phosphorus 59.7 

Oxygen 40.3 

100. 

And  phosphorous  acid,  being  probably  constituted  of  1  atom 
of  oxygen,  +  1  atom  of  phosphorus,  the  weight  of  the  latter 
atom  may  be  inferred  to  be  11.62,  or  in  round  numbers  12. 
Phosphorous  acid,  then,  will  be  represented  by  12  +  B  =  20. 

Hypo-phosphorous  or  Per-phosphorous  Acid. 

When  phospburet  of  barytes,  carefully  prepared,  is  made 
to  act  on  water,  two  distinct  compounds  are  generated,  vol 
phosphate  of  bai^tes,  which,  being  insoluble,  is  readily  se- 
parated by  filtration ;  and  a  soluble  salt  of  barytes,  which 
passes  through  the  filter.  To  the  latter  compound,  sulphuric 
acid  is  to  be  added,  in  quantity  just  sufficient  to  separate  the 
barytes.  The  acid  solution  which  remains,  when  concentrated 
by  evaporation,  yields  a  viscous  fluid,  strongly  acid  and  un- 
crystallizablc.  By  a  still  stronger  heat,  this  substance  is  de- 
composed ;  phosphureted  hydrogen  is  developed ;  a  little 
phosphorus  is  sublimed;  and  phosphoric  acid  remains  in 
the  retort* 

Tlie  compounds  of  this  new  acid,  with  alkaline  and  earthy 
bases,  are  remarkable  for  their  extreme  solubility.  Tliosc  of 
barytes  and  strontites  crystallize  with  great  difficulty.  The 
hypo-phosphites  of  potash,  soda,  and  ammonia,  are  soluble,  in 
all  proportions,  in  highly  rectified  alcohol.  That  of  potabh 
is  even  more  deliquescent  than  muriate  of  lime.  They  absorb 
oxygen  slowly  from  the  air,  and  when  heated  in  a  retort  give 
the  same  products  as  the  acid  itself. 

In  order  to  ascertain  the  proportions  of  the  elements  of  this 

*  Duloug,  48  rhil.  Mag.  371. 
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acid,  Dulong,  its  discoverer,  converted  n  known  quantity  of  it 
into  phosphoric  acid  by  means  of  chlorine,  whence  he  infers 
it  to  consist  of 

Phosphorus 72.75 100 

Oxygen 27.25 37.44? 

100. 

These  results  are  calculated  on  the  supposition  that  hypo- 
phosphorous  or  per-phosphorous  acid  is  a  binary  compound 
of  oxygen  and  phosphorus ;  but  it  is  doubtful  whether  it  may 
not  be  a  triple  compound  of  oxygen,  phosphorus,  and  hydro- 
gen, or  a  hydracid ;  in  which  cnse  its  proper  appellation 
would  be  hydrO'phospkorous  acid. 

In  his  able  investigation  of  the  compounds  of  phosphorus. 
Sir  H.  Davy  admits  the  existence  of  the  new  acid  of  Dulong, 
but  deduces  different  proportions  of  its  elements.     The  oxy- 
gen of  this  acid  he  infers  to  be  precisely  half  of  that  which 
exists  in  phosphorous  acid ;  or  that  100  of  phosphorus  are 
united  with  33.750  oxygen.     But  it  has  been  aheody  shown 
to  be  probable  that  phosphorous  acid  is  composed  of  an  atom 
of  each  of  its  elements;  and  it  may,  therefore,  be  inferred  that 
hypo-phosphorous  acid  is  constituted  of  one  atom  of  oxygen 
weighing  8,  and  two  atoms  of  phosphorus  weighing  12x2 
=  24,  and  the  weight  of  the  compound  atom  may  be  repre- 
sented by  32. 

Phos/)horic  Acid. 

I.  To  prepare  this  acid,  the  combustion  of  phosphorus  may 
be  employed ;  but  the  following  is  the  most  economical  method. 

On  20  pounds  of  bone,  calcined  to  whiteness  and  finely 
powdered,  pour  20  quarts  of  boiling  water,  and  add  16-i- 
ponnds*^  of  sulphuric  acid,  diluted  with  an  equal  weight  of 
water.  Let  these  materials  be  well  stirretl  together,  and  be 
kept  in  mixture  about  24?  hours.  Let  the  whole  mass  be  next 
put  into  a  conical  bag  of  sufficiently  porous  and  strong  linen, 
lA  order  to  separate  the  clear  liquor,  and  let  it  be  washed  with 

*  These  are  the  proportions  recommended  by  Pelletier  and  Dalton.    A 
moch  less  quantity  of  sulphuric  acid  is  generally  prescribed. 
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watcr^  till  the  water  ceases  to  have  much  acidity  to  the  taste. 
Evaporate  the  strained  liquor  in  earthen  vessels,  placed  in  a 
sand-heat,  and,  when  reduced  to  about  half  its  bulk,  let  it 
cool.  A  white  sediment  will  form  in  considerable  quantity, 
which  must  be  allowed  to  subside ;  the  clear  solution  must  be 
decanted,  and  boiled  to  dryness  in  a  glass  vessel.  A  white 
mass  will  remain,  which  is  the  dry  phosphoric  acid,  lliis 
may  be  fused  in  a  crucible,  and  poured  out  on  a  clean  copper 
dish.  A  transparent  glass  is  obtained,  which  is  the  phos- 
phoric acid  in  a  glucial  state;  not,  however,  perfectly  pure, 
but  containing  sulphate  and  phosphate  of  lime. — According 
to  Fourcroy  and  Vauquelin,  it  is,  in  fact,  a  super-phosphate  of 
lime,  containing,  in  100  parts,  only  30  of  uncombined  phos- 
phoric acid,  and  70  of  neutral  phosphate  of  lime;  but  when 
prepared  with  the  full  proportion  of  sulphuric  acid,  Mr. 
Dalton  fmds  only  from  8  to  12  per  cent  of  the  calcareous 
phosphate.  To  separate  the  latter,  Dr.  Higgins  neutralized 
the  acid  liquor,  obtained  by  the  action  of  sulphuric  acid  on 
bones,  with  carbonate  of  ammonia ;  the  neutral  liquor  was 
decanted  and  evaporated  till  a  portion  of  it  taken  out  dqK)sited 
crystals  on  cooling;  and  was  then  poured  while  hot  into  a 
thin  glass  balloon,  which  was  placed  on  the  sand  bed  of  a 
reverberatory  furnnce.  The  mouth  of  the  balloon  being 
covered  with  an  inverted  crucible,  the  fire  was  gradually  raised 
till  the  sand  pot  was  obscurely  red.  In  this  way,  the  sulphate 
of  ammonia,  and  ammonia  that  neutralized  the  phosphoric 
acid,  were  both  expelled  ;  and  the  ])ho.sphoric  acid  remained 
in  the  form  of  a  transparent  colourless  glass,  still  retaining  a 
minute  quantity  of  ammonia.*  The  glacial  acid  may  also  be 
prepared  from  perfectly  pure  phosphoric  acid,  which  has 
been  made  by  acting  on  phosphorus  with  nitric  acid.  It  is 
remarkable  that,  according  to  the  experiments  of  Berthier, 
it  contains  at  least  one  fourth  its  weight  of  water,  a  propor- 
tion which  could  scarcely  have  been  expected  in  so  hard  a 
substance. 

To  procure  the  phosphoric  acid  in  quantity,  and  at  the 
same  time  perfectly  pure,  the  oxygenation  of  phosphorus  bv 


*  Minutes  of  a  Society,  p.  959. 
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nitric  acid  is  the  most  effectual  though  an  expensive  process 
{Cj  of  the  preceding  article).     The  acid  may  be  evaporated  to 
dryness  in  a  glass  capsule ;  and  the  dry  mass,  when  fused, 
aifords  glacial  phosphoric  acid. 
II.  The  phosphoric  acid  has  the  following  properties : 

(a)  When  pure  it  dissolves  readily  in  water.  That  obtained 
immediately  from  bones  is  rendered  insoluble  by  the  admix- 
ture of  earthy  salts.  But  the  glacial  acid  prepared  wiih  nitric 
acid  is  readily  soluble, 

(b)  It  is  not  volatilci  nor  capable  of  being  decomposed  by 
heat  only,  nor  does  it  emit  any  smell  when  heated. 

(c)  It  is  composed,  according  to  the  experiments  of  Rose 
00  the  combustion  of  phosphorus  in  oxygen  gas,  (the  cor- 
rectness of  which  is  admitted  by  Dr.  WoUaston,  in  his  table 
of  equivalents,)  of 

Phosphorus 46.72 1 00. 

Oxygen 63.28 1 14.6 

100. 

Dulong  investigated  the  composition  of  phosphoric  acid,  by 
finding  how  much  chlorine  is  absorbed  by  phosphorus  pre- 
viously combined  with  a  base.  He  then  deduced  the  oxygen^ 
from  the  quantity  known  to  be  the  equivalent  of  the  chlorine, 
which  had  disappeared.  In  this  way,  he  estimates  the  com* 
position  of  phosphoric  acid  to  be 

Phosphorus 44.48 100. 

Oxygen 55.52 124.8 

100. 

Berzelius,  by  a  still  more  complicated  process,  obtained 
results,  the  average  of  which  gives  100  phosphorus  to  127.5 
oxygen* 

But  if  235  parts  of  phosphoric  acid,  as  appears  from  the 
I'ecent  experiments  of  Sir  H.  Davy,  with  which  those  of  Dr. 

— ■       . ■ , >  .1      — — —  '      —  -   ... 

*  Ann.  de  Cliim.  et  Phys.  ii.  292« 
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Thomson  agree^  consist  of  100  phosphorus,  and  135  casjgsOf 
100  grains  roust  contain 

Phosphorus 42.55 

Oxygen 57.45 

100. 

This  would  very  nearly  accord  with  the  notion,  that  phos- 
phoric acid  is  constituted  of  one  atom  of  phosphorus,  weigh- 
ing 12  and  two  atoms  of  oxygen  =  IG,  and  the  weight  of 
the  atom  of  phosphoric  acid  will,  therefore,  be  28.  It  ap- 
pears, then,  that  we  have  three  acids  with  base  of  phosphorus, 
which  are  constituted  as  follows : 

Atoms  of  Atomi  of      Welfflit  of 
Pborph.       Oxyf.  Atoa. 

Hypo-phosphorous  acid 2   +    1    ....  32 

Phosphorous  acid 1    +    1    ....  20 

Phosphoric  acid 1    +  2    ....  28 

{(I)  When  distilled  in  an  earthen  retort  with  half  its  weight 
of  powdered  charcoal,  glacial  phosphoric  acid  is  decomposed; 
its  oxygen,  uniting  with  the  carbon,  forms  carbonic  acid,  and 
phosphorus,  in  quantity  equal  to  abc^lit  -j-  of  the  acid,  rises  in 
a  separate  state.  This  is  the  usual  and  best  mode  of  obtaining 
phosphorus. 

The  phosphoric  acid  of  bones  may  either  be  employed  for 
this  purpose  in  the  state  of  glass,  finely  powdered ;  or  to  the 
evaporated  acid,  when  acquiring  a  thick  consistence,  powdered 
charcoal  may  be  added,  in  sufficient  quantity  to  give  it 
solidity.  In  the  latter  mode,  however,  unless  the  heat  is  very 
cautiously  raised,  the  materials  are  apt  to  swell,  and  to  boil 
over.  The  mixture  of  acid  and  charcoal  is  to  be  put  into  a 
stone-ware  retort,  coated  with  Willis's  lute,  the  neck  of 
which  is  lengthened  out  by  a  tin  pipe.  The  open  end  of  the 
pipe  is  to  be  immersed  in  a  vessel  of  water.  The  heat  is  to 
be  slowly  raised,  and  at  length  made  very  intense.  An 
enormous  quantity  of  gas  escapes,  which  takes  fire  on  coming 
into  contact  with  the  atmosphere ;  and  the  phosphorus  distils 
over  in  drops,  which  congeal  in  the  water.  As  it  is  apt  also 
to  condense  in,  and  to  stop  up,  the  neck  of  the  retort  and  tin- 
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xpe,  it  must  be  occasionally  melted  out  of  these,  by  a  shovel 
iiU  of  hot  cinders,  held  under  them.  The  process  is  rather 
itroablesome  one;  and  though  it  is  proper  that  the  student 
ibould  perform  it,  in  order  to  complete  a  course  of  experi- 
ments, it  will  be  found  more  economical  to  purchase  the  phos- 
iihonis  which  may  be  required  for  use. 

Phosphorus  may  also  be  procured,  by  adding  to  urine  a 
nlatioD  of  lead  in  nitric  acid,  which  precipitates  a  phosphate 
if  lead.  This,  when  well  washed,  dried,  and  distilled  in  a 
lone-ware  retort,  yields  phosphorus,*  Or  a  solution  of  phos- 
ihate  of  soda  (which  may  be  bought  at  the  druggists),  mixed 
nth  one  of  acetite  of  lead,  in  the  proportion  of  one  part  of 
lie  former  salt  to  1^  of  the  latter,  yields  a  precipitate  of  phos- 
phate of  lead,  from  which  phosphorus  may  be  procured  by 
iittillation  with  charcoal,  but  at  considerably  more  expence. 

Art.  2. — Comhinaimis  of  Phosphorus  with  Chlorine, 

There  are  two  compounds  of  chlorine  and  phosphorus. 

1.  Bichloride  or  Per-chloride.  When  phosphorus  is  intro- 
hced  into  chlorine  gas,  it  takes  fire  spontaneously,  and  burns 
rith  a  pale  flame;  and  a  white  solid  condenses  on  the  sides  of 
the  Tessel.  In  an  experiment  of  Sir  H.  Davy,  conducted 
vith  great  care,  4  grains  of  phosphorus  condensed  31.9  cubic 
inches  (barometer  SO.l,  thermometer  46^)  of  chlorine  gas, 
Bqoivalent  to  very  nearly  24^  grains,  or  six  times  its  weight. 
Iherefore  100  grains  of  phosphorus,  to  form  this  compound, 
condense  600  grains  of  chlorine ;  and  as  36  of  chlorine  ap- 
pear,  from  a  variety  of  facts,  to  be  equivalent  to  8  of  oxygen, 
the  above  600  grains  are,  by  the  rule  of  proportion,  the  equi- 
valent of  155  of  oxygen;  and  thus  is  derived  a  collateral 
proof  that  phosphoric  acid  is  constituted  of  100  phosphorus 
+  135  oxygen  by  weiglit. 

The  solid  compound  of  phosphorus  and  chlorine  is  volatile 
It  a  temperature  below  212^  Fahrenheit.  It  acts  violently  on 
fater,  the  hydrogen  of  which  forms,  with  the  chlorine,  mu- 
iatic  add;  while  the  oxygen  forms,  with  the  phosphorus, 
ihosphoricacid.  When  transmitted  with  oxygen  gas  through 


*  See  Crell*s  Journal,  Translation,  iii.  36. 
VOL.   I.  2  B 
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ft  red  hot  porcelain  tube,  chlorine  is  eTolved,  and  phocpboric 
acid  is  formed,  showing  that,  at  high  temperatures,  the  affinity 
of  oxygen  for  phosphorus  is  stronger  than  that  of  chlorine. 

2.  Chloride  or  Proio-chloride.  Though  this  compound  may 
be  obtained  by  heating  the  per-chloride  with  a  due  proportUA 
of  phosphorus^  yet  a  better  method  of  preparing  it  is  (as  Sir 
H«  Davy  recommends)  to  pass  the  vapour  of  phosphorus  oyet 
corrosive  sublimate,  heated  in  a  glass  tube.  By  this  proceai, 
proto-chloride  of  mercury  (cak>mel)  is  formed,  and  the  re- 
maining atom  of  chlorine  unites  with  the  phosphorus.  The 
result  is  a  liquid  of  the  specific  gi*avity  1.45,  which  does  not 
itself  redden  litmus  paper,  though  its  fumes  produce  this 
e£Eect,  in  consequence  of  being  rendered  acid  by  contact  with 
the  moisture  of  the  air.  The  acid,  which  results  from  its 
action  on  water,  is  the  phosphorous,  which  is  best  procured 
by  the  intervention  of  this  chloride.  At  the  same  time  muri- 
atic acid  is  formed,  by  the  union  of  chlorine  with  the  hy- 
drogen of  the  water. 

In  this  chloride,  the  chlorine  exists  in  half  the  quantity 
which  constitutes  the  perchloride,  that  is,  100  grains  of  phot* 
phoras  are  united  with  300  of  chlorine.  But  in  phoapborous 
acid,  100  grains  of  phosphorus  are  combined  widi  67.5  of 
oxygen,  which  last  number  is,  therefore,  the  equivalent  of 
300  chlorine.  Now  as  67.5  to  300,  so  is  8  to  36 ;  indicating 
that  in  the  chloride  of  phosphorus,  its  elements  are  united  atom 
to  atom ;  while  in  the  per-chloride^  two  atoms  of  chlorine  are 
combined*  with  one  of  pho^horus. 

AtoiM  of  Atoms  of  WdgU 
Phosph.     Cblor.     of  Atoia 

Chloride  of  phosphorus  1    4-   1    . .  48 
Perchloride 1   +   2   . .  84 

Art.  3. — Phosphorus  with  Iodine, 

Phosphorus  and  Iodine  combine  at  the  temperature  of  the 
atmosphere,  according  to  Sir  H.  Davy,  evolving  much  heat, 
but  no  light ;  b«t,  according  to  Thenard,  with  a  disengage- 
ment both  of  light  and  heat.  The  result  is  an  iodide  of  pttos^ 
phoruSy  of  a  reddish  brown  colour,  the  solidity,  fusibility,  and 
Toiatility  of  which  vary  with  the  proportions  of  its  ingredients. 
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tf  both  the  pboqihonis  and  iodine  are  dryt  no  gas  is  given  out 
iariog  thetr  combioation;  but,  when  slightly  moistened, 
hjfdriodic  acid  ia  formed,  by  the  union  of  iodine  with  the  hy- 

of  die  water;  a  little  subphosphureted  hydrogen  is 
;  and  phosphorous  acid  remains  in  solution.  The 
IfJriodic  acid  gas  ia  also  formed,  when  the  phosphuret  of 

produced  from  dry  materials,  is  added  to  water. 


SECTION  VI. 

Sulphur. 

L  Thb  sulphur,  which  occurs  as  an  article  of  commerce,  is 
awneral  production,  and  is  brought  to  this  country  chiefly 
tnm  Sicily.  That  which  is  procured  in  our  own  island,  is 
gBoerelly  of  very  inferior  quality,  and  contains  a  portion  of 
Ike  metal,  firom  combinadon  with  which  it  has  been  separated. 
ft  is  met  with  under  two  difierent  forms ;  of  a  compact  solid, 
vUdi  has  generally  the  shape  of  long  rolls  or  sticks ;  and  of 
a  B|^t  powder  called  ^flowers  of  sulphur.  In  general,  the  latter 
■sy  be  considered  as  most  pure ;  but  the  two  varieties,  it  will 
presently  appear,  are  readily  convertible  into  each  other  by 
dte  modifi^  application  of  heat.  Its  specific  gravity  is  1 .98 
or  1.99.  When  rubbed  it  emits  a  peculiar  smell,  and  becomes 
negatively  electric. 

II.  Sulphur  is  readily  fused  and  volatilized.  When  heated 
to  170^  of  Fahrenheit,  it  b^ns  to  evaporate,  and  to  produce 
a Tery disagreeable  smell;  at  185°  or  190°  it  begins  to  melt; 
tnd  at  220^  is  completely  fluid.  If  the  heat  be  rapidly  in- 
creased, it  loses  at  350°  its  fluidity,  and  becomes  firm,  and  of 
i  deeper  colour.  It  regains  its  fluidity,  if  we  reduce  the  tem- 
perature ;  and  this  may  be  repeated  at  pleasure,  in  close  glass 
msds,  if  the  changes  of  heat  be  not  slow ;  otherwise  it  is 
ndatilized.  It  sublimes  at  600° ;  and,  according  to  the  greater 
or  less  quickness  of  the  process,  and  the  size  of  the  condensing 
diamber,  may  be  collected  either  in  a  solid  form  or  in  that  of 
lowers.     (Thenard,  i.  197.) 

III.  If,  aOer  being  melted,  it  be  suffered  to  cool,  it  congeA 
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in  A  crj'stfllline  rorin,  but  so  confusedly,  that  we  cannot  defiae 
tlie  shape  of  the  crjistals,  farther  than  tbat  lliey  are  slender 
interlactid  fibres.  If  a  large  mass  be  kept  fluid  below,  whUe 
it  congeals  nt  tiie  surface,  the  crystallization  there  is  mttch 
more  distinct.  Wiien  sulpliur  in  complete  fusion,  (■i*.  at  SOO", 
is  pourtxl  into  water,  it  becomes  tenacious  like  wax,  and  mijT, 
be  applied  (as  is  done  by  Mr.  Tassie)  to  take  impressions  Iroa 
engraved  stones,  &c.  Thsse  impressions  are  quite  bard,  nrhes 
llie  sulphur  has  become  cold.  It  is  tiien  of  a  red  colour,  and 
of  the  specific  gravity  2.325. 

IV.  At  the  temperature  of  about  290°  Fahrenheit,  sulphur, 
is  converted  into  vapour  ;  and  if  this  operation  be  conductnl| 
in  close  vessels,  the  volatilized  sulphur  is  again  collected  int. 
solid  form.  What  remains  has  been  called  siitphir  vivum^ 
This  alTords  an  example  of  the  process  of  sublimaliorif  wliidu 
diflers  from  distillation,  in  aflbrding  a  solid  proiluct,  while  UmJ] 
latter  yields  n  condensed  liquid.  In  this  mode,  sulphur  itiajT. 
in  part,  be  purified ;  and  its  purification  is  completed,  b;  I 
boiling  it  repeatedly  in  distilled  water;  then  in  twice  or  liiriee 
its  weight  of  nitro- muriatic  acid,  dilule<l  with  one  p-ntt  of  d»  , 
tilled  water ;  and,  finally,  by  washing  it  with  dislilletl  watiTi  , 
till  this  comes  olT  tasteless,  and  incapable  of  changing  the  blar 
colours  of  vegetables. 

V.  When  flowers  of  sulphur  are  digested  in  alcohol,  no 
union  takes  place ;  but  if  the  two  bodies  be  brought  into  con- 
tact, when  both  are  in  a  state  of  vapour,  they  enter  into  cbf-  , 
mical  union.  This  may  be  shown  by  an  ingenious  experiment 
of  La  Grange,  the  apparatus  for  performing  which  is  roprr-  , 
aented  in  the  first  plate  of  his"  Manual."  Into  a  glass  slenibic 
(see  the  plates  to  tliis  work,  fig.  2}  put  a  little  sulphur ;  orcr 
this  suspend  a  small  bottle  filled  with  alcohol;  and  apply  a 
receiver  to  die  pipe  of  the  alembic,  the  head  being  put  i«W 
its  place.  Lute  the  junctures,  and  apply  a  gentle  heat  to  dw 
alembic  The  sulphur  will  now  be  raised  in  vapour ;  and  tbe 
vapour  surrounding  the  bottle  of  alcohol,  the  latter  will  be 
volatilized,  and  will  meet  in  this  stale  the  fumes  of  sulpbuf. 
A  combination  will  take  place  between  the  two  Ixxlict,  and 
sulphurized  alcohol  will  pass  into  the  receiver.  On  pouring 
ihis  preparation  into  water,  the  sulphur  will  be  pruipiuttd. 
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Sulphur  is  jjeitttily  soluble  in  boilinf;  oil  of  iiir|K'ntiiie, 
wbich  may  bu  employed  as  a  means  of  determining  its  purity. 

VI,  Though  it  had  alre:idy  been  suspected  (cliiefiy  from 
the  expert m en tti  of  M.  Dcrtboilet,  jun.)  that  sulphur  contains 
hydrogen,  yet  the  Jirst  unequivocal  evidence  of  the  fact  was 
ruraished  by  Sir  H.  Davy.  A  bent  glass  tube,  having  a. 
platinum  wire  hermetically  sealed  into  its  upper  extremity, 
was  filled  wilh  sulphur,  Tlic  sulphur  was  melted  by  heat; 
and  a  proper  connection  being  made  with  the  Voltaic  appa- 
ratuH  of  500  double  plates,  each  six  inches  square  and  highly 
charged,  a  most  intense  action  took  place.  A  very  brilliant 
light  was  emitted  ;  the  sulplmr  soon  entered  into  ebullition ; 
elastic  matter  was  evolved  in  great  quantities;  and  the  sul- 
phur, from  being  of  a  pure  yellow,  became  ol'a  dark  reddish 
brown  tint.  The  gas  was  found  to  be  sulphureted  hydrogen,  or 
hydrogen  gas  holding  sulphur  is  solution  ;  and  its  quantity, 
in  about  two  hours,  was  mure  than  five  times  the  volume  of  the 
sulphur  employed. 

Another  priiof  of  the  presence  of  hydrogen  in  sulphur  is 
derived  from  the  action  of  potassium  ;  for  these  two  bodies 
combine  wilh  great  energy,  and  evolve  sulphurcted  hydrogen, 
with  intense  heat  and  light. 

I..8MtIy,  when  dry  sulphur  is  bunicd  in  dry  oxygen  gas.  Sir 
M.  Davy  is  of  opinion  that,  besides  sulphuric  acid,  a  portion 
of  water  is  also  formi'd ;  but  he  is  still  doubtful  whether  the 
hydrogen  in  sulphur  can  be  considered  as  any  thing  more  than 
ail  accidental  ingredient.  This  view  of  the  subject  Is  em- 
braced, alMj,  by  Berzulius,*  who  found,  by  healing  sulphur 
with  oxide  of  lead,  ihnt  the  quinitily  of  water  produced  is 
much  too  minute  to  indicate  any  definite  proportion  of  hydro- 
gen in  sulphur. 

Another  ingredient  of  sulphur,  it  appeared  probable  Irom 
tlif  esperimenis  of  Sir  H.  Oavy,  is  oxygen.  Tor  jialnssium, 
sfler  Iwtng  made  to  net  on  sulphureted  hydrogen  gai,  evolved 
le«  hydrogen  from  water,  thayi  it  ought  lo  have  done.  It 
hi»  Aince,  howe^■cr,  been  proved  by  Gay  LuKsac,t  thai  when 
all  sources  of  fiillacy  are  avoided,  a  given  weight  of  potassium. 
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which  has  been  exposed  to  sulphareted  hydrogen^  separates 
exactly  the  same  volume  of  hydrogen  gas  from  water,  as  an 
equal  weight  of  recent  metal.  Potassium,  therefore,  acquires 
no  oxygen,  from  the  sulphur  which  is  contained  in  sulphmeled 
bydrogem 

Art.  I. "^Sulphur  with  Oxygen, 

Sulphur  is  inflammable,  and  appears  susceptible  of  two 
distinct  combustions,  which  take  place  at  difierent  tempe- 
ratures.^ 'At  140^  or  150°  Fahrenheit,  it  begins  sensibly  to 
attract  oxygen ;  and  if  the  temperature  be  raised  to  180^  or 
190%  the  combination  becomes  pretty  rapid,  accompanied  t^ 
a  faint  blue  light.  But  the  heat  evolved  is  scarcely  sensible; 
at  least  it  is  so  weak,  that  the  sulphur  may  thus  be  boined 
out  of  gunpowder,  and  the  powder  be  rendered  useless  with* 
out  inflaming  it.  At  a  temperature  of  300%  its  comboslioD, 
though  still  feeble  compared  with  that  of  some  other  bodie%  is 
much  more  active,  and  accompanied  with  a  redder  light 
When  set  on  fire  in  oxygen  gas,  it  burns  with  a  very  beaatifbl 
and  brilliant  light ;  but  of  a  given  quantity  of  oxygen  gas,  it 
is  not  possible  to  condense  the  whole  by  this  combastkm,  fiur 
reasons  which  hereafter  will  be  stated.  The  product  of  these 
combustions,  when  examined,  will  be  found  to  be  sulphurous 
and  sulphuric  acid,  but  chiefly  the  former,  and  if  water  be 
carefully  excluded,  sulphurous  acid  only  is  formed.  It  is  ne- 
cessary, therefore,  in  order  to  produce  sulphuric  acid,  to  make 
the  experiment  over  water. 

Sulphuric  Acid. 

Sulphuric  acid  has  been  known  ever  since  the  time  of  Basil 
Valentine,  who  appears  to  have  discovered  it  about  the  close 
of  the  15th  century.  It  was  first  extracted  from  sulphate  of 
iron  by  distillation,  and  afterwards  formed  by  the  combustion 
of  a  mixture  of  about  1  part  of  nitre,  and  6  or  8  of  sulphur  in 
large  glass  vessels  over  water.  For  glass  vessels,  in  process  of 
time,  large  leaden  chambers,  having  a  stratum  of  water  floating 
on  the  bottom,  came  to  be  substituted.     The  history  of  the 

♦  For  an  account  of  the  oxides  of  sulphur,  see  Dr.  Thomson's  paper  in 
Nicholson's  Journal,  vi.  10 1, 
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successiye  improvements  of  its  manufacture  in  this  country 
has  been  given  at  length  by  Mr.  Parkes,  in  the  second  volume 
of  his  Chemical  Essays. 

The  properties  of  this  acid  may  be  exhibited  by  a  portion  of 
that  usually  finind  in  the  shops.    They  are  as  follows : 

(a)  Sulphuric  acid  has  a  thick  and  oily  consistence ;  as  may 
be  seen  by  pouring  it  from  one  vessel  into  another. 
{b)  In  a  pure  state,  it  is  perfectly  limpid  and  colourless, 
(c)  When  mixed  suddenly  with  water,  considerable  heat  is 
produced.     Four  parts,  by  weight,  of  concentrated  sulphuric 
add,  and  oiie  of  water,  when  mixed  together,  each  at  the  tem- 
perature of  50°  Fahrenheit,  have  their  temperature  raised  to 
300^.     When  an  ounce  of  water  has  been  suddenly  mixed 
with  three  of  sulphuric  acid,  and  the  mixture  been  suffered 
to  eook  to  the  temperature  of  the  atmosphere,  an  additional 
half  oz.  of  water  raises  it  to  86°,  a  second  to  96°,  and  a  third 
la  IM^.*     The  greatest  elevation  of  temperature.  Dr.  Ure 
Sods  to  be  occasioned  by  the  sudden  mixture  of  73  parts  by 
weight  of  strong  sulphuric  acid  with  27  of  water.     This  rise  of 
tcBsperature  takes  place,  because  the  affinity  or  capacity  of  the 
compound  of  sulphuric  acid  and  water  for  caloric,  is  less  than 
duUirfthe  acid  and  water  separately.     A  diminution  of  bulk 
slso  ensues ;  that  is,  one  measure  of  acid  and  one  of  water  do 
Mt  occupy  the  space  of  two  measures,  but  about  y^th  less ; 
and  the  greatest  condensation  results,  when  those  proportions 
are  used,  which  give  the  greatest  increase  of  temperature. 
Owing  to  the  heat  produced  by  its  admixture  with  water,  the 
dilution,   for  ordinary  purposes,  should  be  conducted  very 
gradually;  and  the  acid  should  be  added  to  the  water  by  small 
portions  at  once^  agitating  the  mixture  after  each  addition, 
and  allowing  each  portion  to  cool  before  a  fresh  addition  is 
made.     On  the  principle  of  its  attraction  for  water  is  to  be  ex- 
plained, also,  the  rapid  increase  of  weight  which  the  sulphuric 
acid  acquires  when  exposed  to  air.    In  one  day,  three  parts 
of  concentrated  sulphuric  acid,  exposed  to  the  atmosphere, 
are  increased  in  weight  one  part ;  and  one  ounce,  by  twelve 
months'  exposure,  has  been  found  to  gain  an  addition  of  6^. 


•  Philips  on  tbe  London  Pliarmac.  p.  24. 
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((/)  Perfectly  pure  sulphuric  acid  remains  quite  timpiO  dur> 
ing  dilution.  The  sulphuric  acid,  Iiowever,  commonly  found 
in  the  Bhops,  under  the  name  uf  oil  of  vitriol,  on  admixture 
with  water,  deposits  a  white  powder,  in  conRiderable  quand^, 
consisting  of  various  impurities,  but  chiefly  of  sulphate  of 
lead.  Berzelius  has  found,  also,  a  uiinutequantity  of  titanium 
in  sulphuric  acid  of  English  manufacture,  and  tellurium  in 
acid  prepared  at  Stockholm.*  By  evaporating  100  parts  of 
sulphuric  acid  of  commerce  in  a  platinum  dish,  Dr.  Ure  hat 
obtained  from  one  half  to  three  quarters  of  a  grain  of  solid 
matter,  consisting  of  about  two  parts  of  sulphate  of  potash  and 
one  of  sulphate  of  lead.  ^ 

(e)  Sulphuric  acid  is  nearly  twice  as  heavy  as  water.  Tbo 
specific  gravity  of  the  strongest  pure  acid  that  can  be  ohtaiaol, 
is  1.850;  but  even  this  contains  19  (according  to  Dr.  Wollss- 
ion,  18.4*)  per  cenL  of  water,  which  appears  essential  m  ill 
constitution,  and  can  only  be  separated  by  combining  the  aciJ 
with  a  base.  Dr.  Ure  stales  tliat  genuine  commercial  aciil 
should  not  exceed  1.8485.  When  denser,  its  purity  majbe 
suspected.  It  has  been  ascertained,  by  Mr.  Dalton,  that  arid, 
of  nearly  the  maximum  strengch,  has  its  specific  gravity  twj 
little  altereil,  by  adding  or  subtracting  small  portions  uf  <»*' 
ter.  Thus  acids,  containing  81  and  SO  per  cent,  of  acid,  do 
not  differ  more  than  1  in  the  third  place  of  decimals ;  nor  ii 
the  specific  gravity  proportionally  change<I  by  dilution  till  >l 
falls  »8  low  as  1,78.  The  strength  of  the  more  concentnud 
acid  may  be  better  ascertained,  by  observing  liow  much  w»W 
is  required,  to  bring  it  down  to  the  specific  gravity  1.76- 
The  boiling  [joint,  also,  Mr,  Dalton  has  discovered,  is  s  much 
better  test  of  its  strength  ;  and  he  has  constructed  the  folio** 
ing  useful  Table,  in  which  account  is  taken  of  all  these  of' 
cumstanccs. 
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Mr.  Dalion*s  Table  of  the  Quantity  of  real  Acid  in  100  Parts  of 
Liquid  Sulphuric  Acidj  at  the  Temperature  60°  Fahrenheit. 


Atoms 
Add  Water. 

Real  Acid 

per  cent,  by 

Weight. 

Real  Acid 

percent,  by 

Measure. 

Specific 
Gravity. 

Boiling  Point. 

1    +   0 

100 

unknown. 

unknown. 

unknown. 

1   +    0 

81 

150 

1.850 

620° 

80 

148 

1.849 

605° 

79 

146 

1.848 

590* 

78 

144 

1.847 

575° 

77 

142 

1.845 

560° 

76 

140 

1.842 

545° 

75 

138 

1.838 

530° 

74 

135 

1.833 

515° 

73 

133 

1.827 

501° 

72 

131 

1.819 

487° 

71 

129 

1.810 

473° 

70 

126 

1.801 

460° 

69 

124 

1.791 

447° 

1  +   2 

68 

121 

1.780 

435° 

67 

118 

1.769 

422° 

66 

116 

1.757 

410° 

65 

113 

1.744 

400° 

64 

111 

1.730 

391° 

63 

108 

1.715 

382° 

62 

105 

1.699 

374° 

61 

103 

1.684 

367° 

60 

100 

1.970 

360° 

1  +   3 

58.6 

97 

1.650 

350° 

50 

76 

1.520 

290° 

40 

56 

1.408 

260° 

1   +10 

30 

39 

1.30  + 

240° 

1  +17 

20 

24 

1.200 

224° 

1  +38 

10 

— — ————— 

11 

1.10— 

218° 

It  has  been  ascertained  by  Dr.  Ure  that  by  adding  about 
^  per  cent,  of  its  weight  of  sulphate  of  potash  to  concen- 
trated oil  of  vitriol,  its  specific  gravity  may  be  increased  to 
1.860.  The  only  mode,  therefore,  of  ascertaining  exactly  the 
strength  of  oil  of  vitriol  is  by  saturating  a  known  quantity  with 
an  alkali ;  and  it  may  be  usbumed  as  sufficiently  correct,  that 
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100  grains  of  dry  sub-carbonate  of  soda  neutralize  92  grains  of 
pure  liquid  sulphuric  acid ;  or  that  100  grwis  of  the  acid  re- 
quire 108,  or  108.5}  of  the  su1>carbonate  for  saturation. 

It  is  sometimes  of  importance  to  the  chemical  artist  to  know 
the  proportion,  not  of  real  acidy  but  of  acid  qf  commerce^  iii 
diluted  sulphuric  acid  of  diifererit  specific  gravities*     An  ap- 
proximation to  the  true  proportion  may  be  obtained,  by  in- 
creasing the  numbers,  indicating  the  real  acid,  one  fourth.  For 
example^  acid  of  the  specific  gravity  1.200,  contains,  according 
to  the  above  table,  20  per  cent  of  real  acid ;  which,  increased 
one  fourth,  gives  25  per  cent,  of  acid  of  sp.  gr.  1.849.    A  very 
copious  Table  of  the  quantities  of  sulphuric  acid  of  commerce 
in  acid  of  differ^it  densities,  constructed  by  Mr.  Pailces  firom 
actual  experiment,  is  given  in  the  40ch  volume  of  the  Philoso- 
phical Magazine,  and  in  vol.  iL  of  his  Chemical  Essays,  p.  144^ 
Its  length  only  prevents  me  from  inserting  it  here.  The  shorter 
Table  of  Vauquelin,  in  the  SOth  volume  of  Nicholson's  Jour- 
nal, is  rendered  less  fit  for  the  English  chemist,  because  the 
acid,  employed  in  the  experiments  on  which  it  is  founded, 
is  inferior  in  density  to  the  average  acid  sold  in  this  country. 
In  taking  the  specific  gravity  of  sulphuric  acid,  it  is  of  impor- 
tance to  attend  to  its  temperature,*  which  must  be  examined 
by  a  thermometer,  having  its  bulb  perfectly  dry*    According 
to  Dr.  Ure,  10^  Fahrenheit  make  a  difference  in  the  densi^ 
of  oil  of  vitriol  of  0.005.     With  due  attention  to  this,  and 
other  necessary  precautions.  Dr.  Ure  has  constructed  a  Table, 
which,  as  it  is  of  moderate  length,  and  exhibits  at  one  view 
the  proportion  not  only  of  real  or  dry  acid,  but  of  liquid  acid, 
in  sulphuric  acid  of  different  specific  gravities,  I  shall  insert 
in  the  Appendix.     In  the  memoir  of  which  the  Table  forms 
a  part.  Dr.  Ure  has  endeavoured  to  establish  some  general 
formula)  for  calculating  the  proportion  of  oil   of  vitriol  in 
dilute  acid  of  any    specific   gravity,    and    also    for   finding 
the  specific  gravity  corresponding  to  a  given  proportion  of 
acid.f 

{/)  Sulphuric  acid,  by  a  sufficient  reduction  of  its  tempe- 
rature, may  be  frozen ;  and  under  favourable  circumstances. 


•  See  Parkcs*8  Essay?,  v,  iGl.  t  Jouni.  of  Science,  ir.  127. 
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k  aasomes  a  regular  crystalline  form,  a  considerable  degree  of 
solUkj  or  hardnesa,  and  a  density  exceeding  that  which  it 
iwmowcd  in  a  fluid  state.  From  the  experiments  of  Mr. 
Kdr*  it  fidlows  that  there  is*  a  certain  point  of  specific  gra- 
Tity  (m.  1.780),  at  which  the  sulphuric  acid  most  readily  con- 
geals; and  when  of  this  degree  of  strength  it  requires  even 
a  lesB  degree  of  cold  than  is  sufficient  to  freeze  water,  its  con* 
gdadon  taking  place  at  +  45^  Fahrenheit.  From  the  spe- 
cific gravity  of  1,786,  on  the  one  hand,  to  1.775,  on  the  other, 
it  freezes  at  32°  Fahrenheit.  It  is  singular  that  it  remains 
congealed,  at  a  temperature  higher  than  that  originally 
required  for  freezing  it.  Acid,  for  example,  which  did  not 
become  solid  till  its  temperature  was  reduced  to  32%  remained 
frooen  at  45^.  When  of  the  specific  gravity  of  1.84S,  or  as 
nearly  as  possible  of  that  of  commerce,  it  was  found  by  Mr. 
Macnab  f  to  freeze  at — 15°  Fahrenheit :  but  this  acid,  mixed 
with  rather  more  than  half  its  weight  of  water^  required  for 
congelation  the  temperature  of — 36^  Fahrenheit. 

(g)  To  purify  sulphuric  acid,  it  must  be  distilled  in  a  glass 
retort,  placed  in  the  sand-bed  of  a  reverberatory  furnace. 
This  process  requires  considerable  care.  But  to  those  who 
hare  sufficient  experience  in  chemical  operations,  the  follow- 
ing instructions  may  be  useful ;  especially  as  it  is  indispensable, 
in  all  experiments  of  research,  to  employ  an  acid  purified  by 
distillation. 

The  furnace^  in  which  this  process  is  conducted,  should 
have  a  contrivance  for  supporting  a  sand-bath  within  it  at  a 
proper  height ;  and  an  opening  in  the  side,  for  transmitting 
the  neck  of  the  retort.  (PI.  vii.  fig.  62,  63.)  The  retort  must 
be  coated  with  clay  and  sand  over  its  whole  body,  and  aUo 
over  that  part  of  the  neck  which  is  exposed  to  the  fire.  It  is 
then  to  be  placed,  the  coating  being  previously  dry,  in  the 
tand-bath,  about  one  half  filled  with  sulphuric  acid ;  and  a 
receiver  must  be  applied,  but  not  luted  on.  The  fire  must 
now  be  lighted,  and  raised  with  extreme  caution.  The  first 
portion  that  comes  over,  amounting  to  about  one  sixth,  con- 
sists chiefly  of  water,  and  may  be  rejected.     This  is  followed 


♦  Philosophical  Transactions,  Ixxvii.  207.  t  Ihid.  Ixxvi,  211. 
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bj' Ilie  concentrated  acid;  and,  at  this  pt^riod,  there  is  great 
risk  thnt  the  neck  of  the  retort  will  be  broken,  by  the  contAct 
of  the  condensed  Bcidi  which  lias  a  very  high  tcmperitiurc, 
and  whicli  frc(|uently  crncks  the  glass,  as  effectually  as  the 
application  of  a  reti-hot  iron.  The  fire  must  berej^ulalcd  by 
the  register  door  of  the  niih-pit,  so  thnt  several  licconds  may 
elapse  between  the  riill  of  tlie  drops  into  (he  receiver.  TIic 
procc&s  mity  bt:  continued  as  long  as  any  acid  is  condensed. 
The  retorts,  employed  for  this  purpose,  should  be  most  atten- 
tively annealed. 

Thedtfficully  of  rectifying  sulphuric  acid  is  much  diminished, 
by  using  a  retort  of  the  capacity  of  from  two  to  four  qunns, 
when  a  pint  of  the  acid  is  employed,  .ind  by  connecting  its 
neck  with  the  receiver  by  means  of  an  adopter  three  or  four 
li^-et  long.  The  retort  may  be  set  over  n  charcoal  6re,  and 
tlie  flume  made  to  play  gently  on  its  bottom.  No  luting  is  to 
be  employed,  and  the  receiver  is  to  be  surrounded  with  cold 
water.  With  this  arrangement,  and  a  cautious  regulation  of 
die  heat,  Dr.  Ure  finds  that  sulphuric  acid  may  be  distilled 
without  much  risk,  in  a  continuous  gentle  stream.*  The 
sudden  explosions,  that  occasionally  happen  during  the  pro- 
cess,  niny  be  prevented  either  by  putting  into  the  retort  a  few 
sharp  pointed  pieces  of  glass,  or  some  slips  of  platinum  as  re- 
commended by  Mr.  Brando. 

Sulphuric  acid  may  be  less  perfectly  purifietl  by  diluting  it 
with  nn  e<jual  weight  of  water,  allowing  the  impurities  to  sellk, 
decimiing  the  clear  liquor,  and  evaporating  it  to  the  proper 
degree  in  a  glass  retort. 

(A)  The  proportion  of  the  elcnieuts  of  sulphuric  acid  has 
been  itiTesligated  by  several  chemists.  Bcrthollet  oxygenated 
I7.S46  parts  of  sulphur  by  nitric  acid,  and  obtaineii  a  quai>- 
tify  of  sulphuric  ncid,  which  g.ive  127,515  parts  of  sulphate 
vfbarytes.  Hence  100  parts  of  sulphur  would  biivc  formed 
S30.79  parts  of  real  sulphuric  acid  (  =  about  292  of  density 
1.85);  bill  this  product  falls  short  of  what  ought  to  have  re- 
Butted.  Kloproth,  Uicliter,  and  Buchol/,  obtaintil  rtr&ults 
nearly  agreeing  with  each  other.     Bcrzelius,  to  avoid  all  f^i- 


*  Juuiiiul  of  !*tieiice,  i» 
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iacy  from  tbe  hydrogen  contained  in  sulphur,  combined  It,  In 
the  first  places  with  lead,  which,   like  other  metals,  always 
evolves  much  hydrogen,  and  then  oxygenated  the  sulphuret. 
If  two  Tolumes  of  sulphurous  acid  gas,  and  one  of  oxygen, 
constitute  sulphuric  acid.  It  follows  that  the  oxygen  in  the 
latter  is  a  multiple  of  that  in  the  former  by  H;  and  sul- 
phurous   acid    being  constituted    of    100    sulphur  +  9d«44 
oxygMi,  sulphuric  acid  will  consist  of  100  sulphur  +  l^O.ie 
oxygen;  or  it  will  contain  as  nearly  as  possible  40  sulphur 
and  60  oxygen  in  100  real  acid.     The  following  Table  ex- 
hibits the  proportions,  deduced  from  different  experiments,  in 
lOO  parts  of  real  acid  : 

Sulpliur.      Oxygen, 
From   the  experiments    of   Berthollet  . .  43.28    . .  56.72 

Klaproth  . . .  42.20    . .  57.80 

■ Bucholz 42.50    . .  57.50 

Berzelius    . .  39.92    . .  60.08 

Proportions  admitted  by  Dr.  Wollaston . .  40.0      • .  60.0 

If  the  proportions  be  taken  at  40  sulphur  and  60  oxygen, 
and  if  the  acid  consists,  as  Mr.  Dalton  supposes,  of  1  atom 
of  sulphur  and  3  atoms  of  oxygen,  the  atom  of  sulphur  will 
^eigh  16;  for  as    (60  -^  3  =  )  20  is  to  40  so  is  8  to  16;  the 
height  of  an  atom  of  real   sulphuric  acid  will  be  40 ;  aiul 
Ac  liquid  acid,  containing  an  atom  of  water,  =  9,  will  be  re- 
presented by  the  number  49.     Mr.  Dalton 's  numbers  are  15 
&r  the  atom  of  sulphur,  34  for  that  of  sulphuric  acid,  and  42 
^ir  the  liquid  acid,  tlie  difference  being  occasioned  by  his 
^king  oxygen  at  7,  instead  of  & 

A  coincidence  has  been  pointed  out  by   Berzelius,  which  is 
^ery  remarkable,  and  is  deemed  by  him  sufficiently  general, 
to  be  admitted  as  a  law ;  viz.  that  in  any  combination  of  two 
Oxygenated  bodies  with  each  other,  the  oxygen  of  the  one  is 
either  a  multiple  or  divisor  of  that  of  the  other,  by  some  sim- 
ple number.    Sulphuric  acid,  of  1.850  density,  affords  an  illus- 
^^don  of  this  principle;  for  it  consists  of  81  real  acid  and  19 
^ater ;  and  it  will  be  found  that  the  oxygen  in  the  acid  is,  as 
Nearly  as  possible,  48;  and  the  oxygen  in  the  water  16,  so 
that  in  this  case  the  multiple  is  3,  for  16  x  3  =  48.     Various 


382 


OF    SIMPLE    ACmiPIABLR    BORIBS. 


Other  examples  of  the  same  general  principle  trill  be  given,  in 
treating  of  metallic  oxides.  In  all  neutral  compounds  of  sul- 
phuric acid  with  alkaline,  earthy  or  metallic  bases,  the  acid 
contains  a  quantity  of  oxygen,  which  exceeds  that  in  the  base 
by  the  same  multiple  3. 

(i)  Sulphuric  acid  is  decomposed,  at  the  temperature  of  the 
ntmosphere,  by  iuflammnble  substances,  and  acqaircs  a  dork 
colour.  The  addition  of  a  little  brown  sugar,  or  a  drop  of 
olive  oil,  to  a  portion  of  the  acid,  imparts  to  it  a  brownish 
hue,  which  in  time  changes  to  black.  Hence  this  acid  should 
always  be  kept  in  bottles  with  glass  stoppers ;  for  a  small  hit 
of  straw  or  cork,  if  dropped  into  a  considerable  quantity  of 
sulphuric  acid,  changes  it  in  the  manner  that  has  been  poinlnl 
out. 

{k)  In  high  temperatures,  sulphuric  acid  is  still  farther  de- 
composed by  combustible  bodies. 

1.  Hydrogen  gas,  brought  into  contact  with  sulphuric  acid, 
in  a  state  approaching  ignition,  decomposes  it,  and  water 
and  sulphurous  acid  are  formed.  This,  however,  is  adan- 
geroas  and  dilHcult  process,  which  it  is  not  adviseable  to  re- 
peat. 

2.  According  to  Gay  Lussac,  sulphuric  acid  is  decompo$fd 
by  heat  alone ;  and  is  resolved  into  two  volumes  of  sulphurous 
acid  gas,  and  one  of  oxygen  gag.  This  experiment  is  hcsl 
performed  by  passing  the  acid  through  a  red-hot  lube  of  gU^^ 
or  porcelain,  which  should  not  exceed  two  tenths  of  an  incli 
in  diameter.  The  acid  is  also  decomposed  by  platina  wirc«> 
communicating  with  the  extremities  of  a  galvanic  pile.  At  ibe 
end  of  the  negative  wire,  flocculi  of  sulphur  apjx^Rr,  and  at  the 
positive  end  oxygen  gas  is  evolved  ;  and  a  brownish  tiot  i< 
produced  by  the  formation,  doubtless,  of  sulphate  of  j^- 
tinum. 

S.  Sulphur,  by  being  boiled  in  sulphuric  acid,  partly  J^ 
oxygenates  it,  and  converts  n  portion  of  it  into  GalphuroB* 
acid,  which  comes  over  in  a  gaseous  state. 

+.  Into  a  glass  retort,  put  such  a  quantity  of  sulphnric  ■(*' 
as  will  fill  about  one  fourth  part  of  it,  and  add  asni4U]  poftiM 
of  powdered  charcoal.  On  applying  the  heat  of  ft  lampi  {■ 
will  be  produced  very  abundantly.     Let  thi.'t  gai  be  eonwjw 


by  a  tube  fixed  to  the  mouth  of  a  retort,  and  bent  in  the 
proper  manner,  into  an  inverted  jar  of  water ;  or,  if  it  can  be 
had,  into  an  invcrtwl  jar  of  quicksilver  in  a  mercurial  appa- 
rntus.  During  this  operation,  the  carbon  attracts  part  of  the 
oxygen  of  the  sulphuric  acid,  and  forms  carbonic  acid  gas. 
But  the  sulphur  is  not  entirely  diaoxygenated ;  and  a  coin- 
ponnd  is  therefore  formed  of  sulphur  and  oxygen,  containing 
less  oxygen  than  the  snlphuric  acid.  This  compound  cxisis 
in  the  state  of  a  gas,  and  its  properties  may  next  be  examined. 
To  avoid,  however,  the  complication  which  the  admixture  of 
carbonic  acid  with  this  new  product  introduces  into  the  expe- 
rirocnt,  it  may  be  pr<^>er  to  prepare  it  in  a  mode  less  objec- 
tionable, but  the  Talionale  of  which  cannot  at  present  be  ex- 
plained. This  consists  in  dissolving  two  parts,  by  weight,  of 
quicksilver  in  one  of  sulphuric  acid,  and  boiling  the  mass  to 
dryness,  in  a  glass  capsule,  or  in  the  bottom  of  a  broken 
Florence  flask.  The  dried  mass  is  next  to  be  distilled  in  .1 
strong  sand-heat;  a  glass  globe  being  interposed  between  the 
retort  and  the  receiving  mercurial  trough,  to  condense  any 
sulphuric  acid  that  may  escape  decomposition.  (See  pi.  iii. 
fig.  31.)  The  gas  thus  obtained  is  termed,  conformably  to  the 
principles  of  the  new  nomenclature,  sulphurous  acid. 

Sulphurous  Acid  Gas. 

Sulphurous  acid  may  be  formed,  1st,  by  burning  sulphur  at 
a  k)w  temperature  in  common  air,  under  a  glass  bell;  and  if 
slips  of  linen  cloth,  dippwl  in  a  solution  of  potash,  be  exposed 
to  the  vapour,  the  alkali  forms  a  combination  with  the  sul- 
phurous acid,  which  may  afterwards  be  washed  off  and  eva- 
porated. The  dry  salt,  distilled  with  liquid  tartaric  acid, 
gives  sulphurous  acid  gas. 

edly.  It  is  formed,  exclusively,  when  sulphur  is  burned  in 
dry  oxygen  gas.  The  gas,  when  restored  to  its  original  tem- 
perature, is  found  to  be  contracted  -^Jjlh  or  -jijlh  of  its  bulk ; 
but  this  is  probably  owing  to  the  hydrogen  contained  in 
nlpbur,  for  there  is  every  reason  to  believe  tliat  oxygen 
gat,  by  becoming  sulphurous  acid,  is  not  at  all  changed  in 
volume. 

3dly.  By  heating  red  oxide  of  mercury  with  one  fourth  of 
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itB  weight  of  sulphur,  sulphurous  ncid  is  produced  in  ttie  pro- 
portion of  about  a  cubic  inch  for  every  five  grains  of  Ote 
oxide. 

4t!ily.  By  boiling  1  part  by  weight  of  mercury  with  six  or 
seven  of  sulphuric  acid  to  dryness  in  a  glass  retori,  and  then 
raising  the  hent,  sulphurouti  acid  gas  is  formed,  and  may  be  col- 
lected and  preserved  over  quicksilver.  Half  on  ounce  of  mercury 
is  sufBclcnt  for  the  production  of  several  pints  of  the  gas. 

Its  properties  are  the  tbllowlng: 

(a]  It  has  a  pungent  and  sulTocating  smell,  exactly  resem- 
bling that  which  arises  from  burning  sulphur. 

(li)  It  is  more  than  twice  as  heavy  as  atmospherical  air. 
One  hundred  cubic  inches  are  stated  by  Mr.  Kirwan  to  weigh 
70.215  grains,  which  would  make  its  specific  gravity  2.265. 
By  Sir  H.  Davy,  the  same  volume  is  said  to  weigh  6H  grains: 
this  would  give  the  specific  gravity  of  2.23,  which  agrees  almost 
exactly  with  ihe  statement  of  Thenard  (i.  685.)  According 
to  a  calculation  of  Gay  Lussac,  founded  on  the  proportion  of 
its  elements,  its  specific  gravity  should  be  2.303 It.  Berzeliw 
finds  it  by  experiment  to  be  2.247." 

(c)  Mongc  and  Clouet  assert,  tliat  if  the  ga«  be  exposed,  U 
til e  same  lime,  to  a  temperature  of  31°  Fahrenheit,  and  to 
great  pressure,  It  assumes  a  fiuid  state. 

(d)  It  extinguishes  burning  bodies ;  and  kills  animals,  when 
respired. 

(e)  It  has  the  property  of  whitening  or  bleaching  silk,  aiii! 
of  giving  it   lustre,   and  removes  fruit  stains  from   woollen 

(/)  Of  sulphurou')  acid,  water  absorbs  S3  times  its  bulk» 
or  one  eleventh  of  Us  weight,  caloric  is  evolved,  and  the  solu- 
tion at  68"  has  the  specific  gravity  1.0513.  Mr.  Daltonitatei 
the  fjuantity  abporbed  to  be  only  22  times  the  bulk  of  ibe 
water.  From  the  solution,  when  recently  prepared,  ihegu 
may  be  separated  by  heal,  but  not  by  congelation. 

(g)  The  watery  solution  docs  not  redden  infusion  of  litmus, 
as  acids  in  general  do,  but  totally  destroys  its  colour.  Hencv 
its  use  in  bleaching  several  vegetable  and  animal  products  ^ 

*  Ann.  de  Chiin.  et  Phj>i.  v.  178,  ^M 


It  restores  the  colour  of  syrup  of  violets,  wliicli  Iins  been  red- 
dened by  other  acids.* 

(A)  Sulphuric  acid,  saturated  with  this  gas,  which  may  be 
effected  by  passing  the  gas  through  the  ncid,  acquires  a  strong 
smell,  a  yellowish  brown  colour,  smokes  when  exposed  to  the 
air,  and  has  the  property  of  assuming  a  solid  form,  by  a  mo- 
derate reduction  of  its  temperature.  When  distilled,  the  first 
product,  which  is  a  compound  of  the  two  acids,  assumes  a 
solid  form.  It  has  been  called  glacial  sulphuric  acid.  It  has, 
however,  been  asserted  by  Vogel,f  that  the  presence  of  sul- 
phurous acid  is  not  the  cause  of  the  glacial  quality  of  oil  of 
vitriol;  and  that,  when  converted  to  this  stale,  by  boiling  in 
contact  with  sulphur,  it  contains  no  sulphurous  acid.  The 
nature  of  the  change  he  has  not  yet  fully  explained. 

(i)  Sulphurous  acid  is  absorbed  by  crystallized  borax,  and, 
by  means  of  this  property,  Cluzel  observes,  may  be  separated 
from  carbonic  acid,  and  some  other  gases.J 

Sulphurous  acid  is  again  converted  to  the  state  of  sulphuric 
by  restoring  oxygen  to  it. 

1.  A  mixture  of  oxygen  and  sulphurous  acid  gases,  both 
perfectly  dry,  and  standing  over  mercury,  is  not  diminished 
by  remaining  in  contact  with  each  other  during  some  months ; 
but  if  a  small  quantity  of  water  be  added,  the  mixture  be^ns 
to  diminish,  and  sulphuric  acid  is  formed.  Or  if  water  impreg- 
nated with  sulphurous  acid  be  exposed  to  oxygen  gas  in  a 
tube,  the  oxygen  in  10  or  11  days  is  imbibed,  and  sulphuric 
acid  formed.  The  same  gases  in  a  state  of  mixture,  by  the 
action  of  electricity,  or  by  being  driven  through  a  red-hot 
porcelain  tube,  afford  sulphuric  acid.  The  proportions  re- 
quired for  mutual  saturation  are  two  measures  of  sulphurous 
acid  and  one  of  oxygen  gas. 

2.  Ton  portion  of  water  saturated  with  sulphurous  acid  gas 
add  a  little  oxide  of  manganese,  a  substance  that  contains  much 
oxygen,  loosely  combined.  The  pungent  smell  of  the  water,  and 
the  other  characteristics  of  sulphurous  acid,  will  soon  disappear. 

3.  Sulphurous  acid  gas  is  condensed  into  sulphuric  acid  by 
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admixture  with  chlorine  gas ;  but  not  unlete  the  gases  are  in 
contact  with  water.  In  the  latter  case,  the  hydrogen  of  the 
water  unites  with  the  chlorine^  and  the  oxygen  with  the  sul- 
phurous acid. 

Dry  nitrous  acid  gas  is  also  inefiicient  on  dry  sulphorous 
acid;  but  when  placed  in  contact  with  a  small  quantity  of 
water,  all  these  bodies  act  mutually  and  rapidly  on  each  other; 
the  nitrous  acid  gas  yields  a  portion  of  its  oxygen  to  the  sul- 
phurous acid,  from  whence  result  nitrous  gas  and  sulphuric 
acid,  which,  both  combining  with  water,  form  white  flakes 
upon  the  inside  of  the  balloon.  These  flakes  are  made  up  of 
oongeries  of  small  crystalline  needles.  Water,  brought  into 
contact  with  these  crystals,  dissolves  the  sulphuric  acid^  and 
the  nitrous  gas  is  liberated  with  effervescence.  By  means 
therefore  of  a  small  quantity  of  nitrous  gas,  we  may  trans* 
form  a  large  quantity  of  sulphurous  acid  into  sulphuric  acid, 
provided  the  acid  gas  be  mingled  with  half  its  volume  of 
oxygen^  or  with  an  equivalent  quantity  of  atmosf^eric  air. 
The  phenomena  are  beautifully  exhibited  by  admitting,  into 
an  exhausted  and  dry  glass  balloon,  first  SO  measures  of  sul- 
phurous acid,  next  1 5  of  oxygen,  and  then  5  of  nitrous  gss. 
No  perceptible  change  takes  place^  till  a  little  water  is  intro* 
duced,  sufficient  to  moisten  the  inside  of  the  vessel,  whan  the 
small  quantity  of  red  nitrous  acid,  formed  on  adding  the 
nitrous  gas,  disappears,  and  composes  the  crystalline  substance 
already  described.  When  these  crystals  have  been  deposited 
on  the  inside  of  the  balloon,  and  a  small  quantity  more  of 
water  is  admitted,  there  is  an  immediate  efiervescence  from 
the  escape  of  nitrous  gas,  which,  meeting  with  oxygen  gs^ 
again  becomes  nitrous  acid,  and  this,  acting  upon  the  sul- 
phurous acid,  the  same  combinations  ensue  as  before,  and 
may  be  repeated  as  long  as  sufficient  sulphurous  acid  and 
oxygen  remain. 

It  is  by  a  series  of  operations  of  this  kind»  that  the  forma- 
tion of  sulphuric  acid  is  eilected  in  the  ordinary  process  for 
preparing  it.  The  nitric  acid,  present  in  the  saltpetre,  aban- 
dons part  of  its  oxygen  to  one  portion  of  the  sulphur,  which, 
becoming  sulphuric  acid,  unites  with  the  potash  of  the  nitre. 
At  the  same  moment  nitrous  gas  is  set  ait  liberty,  which,  with 


the  oxygcil  present  in  the  atrof  the  chamber,  composes  nitrous 
acid  gas.  Another  portion  of  sulphur  is  converted  into  sul- 
phurous Bcid,  which  becomes  sulphuric  acid  by  depriving  the 
nitrous  acid  of  oxygen,  the  latter  acid  being  brought  back  to 
the  state  of  nitrous  gas.  This  gas,  absorbing  die  atmospheric 
oxygen,  again  becomes  nitrous  acid,  which  changes  a  fresh 
portion  of  sulphurous  into  sulphuric  acid.  This  theory  was 
first  suggested  by  MM.  Clement  and  Desormcs.  It  has 
been  since  modified  by  Gay  Lussac,  who  supposes  that  nitrous 
Bcid,  and  not  nitrous  gas,  is  disengaged  from  nitrate  of 
potash.  But  even  if  this  be  admitted,  the  subsequent  steps  of 
the  process  are  still  explicable  on  the  original  theory,  which 
satisfactorily  explains  why  so  small  a  proportion  of  nitre  as 
one  eighth  is  adctjunte  to  the  conversion  of  sulphur  into  sul- 
phuric acid,  though  capable  of  supplying  only  a  very  small 
share  of  the  oxygen  essential  to  this  change. 

{i)  When  the  temperature  of  sulphurous  acid  gas  is  greatly 
reduced,  by  surrounding  it  with  a  mixture  of  snow  and  mu- 
riate of  lime,  it  is  changed  into  a  litjuid. 

(/)  If  sulphurous  acid  gas  and  fresh  muriate  of  tin  are 
brought  into  contact  over  mercury,  the  volume  of  the  gas  is 
speedily  diminished,  sulphur  is  deposited,  and  the  proto-mu- 
riate  becomes  a  per-muriate  of  tin,  ( Accum.) 

(m)  It  is  decomposed,  when  submitted  to  the  heat  of  igni- 
tion, in  contact  with  certain  combustible  bodies.  Thus,  when 
a  mixture  of  sulphurous  acid  and  hydrogen  gases  are  driven 
through  a  red-hot  porcelain  tube,  the  oxygen  of  the  acid 
combines  with  the  hydrogen,  and  forms  water,  and  sulphur  is 
obtained  in  a  separate  form.  Tlie  sulphurous  acid  is  decom- 
posed, also,  when  transmitted  over  red-hot  charcoal;  and,  as 
appears  from  Gay  Lussac's  experiment,  by  potassium. 

From  the  testimony  of  the  same  chemist  wc  learn  that  100 

parts  of  sulphur,  to  become  sulphurous  acid,  unite  with  95 

oxygen.     The  following  Table  shows  the  numbers  derived 

from  different  authorities.    Sulphurous  acid  contains  per  cent. 

Siilpliiir.  Oxygen. 

According  to  Gay  Lussac  ....  51.30  ......  ♦8.70 

. Berzeiius BOXtS +9.97 

■  Thomson 53.0     47.0 
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The  determination  of  Berzelius,  of  100  sulphur  to  99.44 
oxygen,  agrees  best  with  the  specific  gravity  of  the  gas;  for 
if  100  cubic  inches  weigh  68,  and  100  cubic  inches  of  oxygen 
84,  the  remaining  34  must  consist  of  sulphur.  Its  atomic 
constitution,  according  to  Mr.  Dalton,  is  1  atom  of  sulphur  + 
2  atoms  of  oxygen;  and  the  weight  of  its  atom  will,  therefore^ 
be  15  +  16  =  32. 

The  combinations  of  sulphurous  acid  with  alkaline  and 
earthy  bases,  called  sulphites^  will  be  described  individually  in 
their  proper  places. 

Of  HypO'Sulphurous  Add. 

This  acid,  like  the  hypo-nitrous,  exists  only  in  combination 
with  salifiable  bases,  forming  compounds  which  were  first 
examined  in  1818  by  Gay  Lussac,  and  were  called  by  him 
Mdphureted  sulphites.  Beside  other  methods  of  preparing 
these  salts,  he  found  that  they  might  be  obtained  by  digesting 
the  solution  of  a  sulphite  with  sulphur,  an  additional  quantity 
of  which  might  thus  be  made  to  combine  with  the  sulphurous 
acid.  It  had  also  been  long  ago  observed  by  Mr.  Higgins  of 
Dublin,  that  liquid  sulphurous  acid  dissolves  iron  without 
efiervescence;  and  BerthoUet  afterwards  showed  that  in  this 
case  the  iron  is  oxidized  at  the  expencc  of  the  sulphurous 
acid,  and  that  sulphur  is  disengaged,  which  immediately 
unites  with  the  sulphite  of  iron,  forming  a  sulphureted  sut 
phite.  Dr.  Thomson  appears  to  have  been  the  first*  who 
took  a  just  view  of  these  phenomena.  The  new  compound 
he  found  to  be  a  neutral  salt,  containing  a  peculiar  acid  of 
sulphur,  to  which  he  gave  the  name  of  hypO'Sulphurous  acid^ 
and  to  its  compounds  that  of  hyposulphites .  These  com- 
pounds have  been  since  examined  with  great  ability  by  Mr. 
HerscheII,t  who  has  not,  however,  succeeded  completely  in 
bis  attempt  to  exhibit  the  acid  in  a  separate  state;  nor  indeed 
does  it  appear  capable  of  existing  permanently  when  uncom- 
bined  with  a  base.  From  the  experiments  of  Dr.  Thomson 
and  Mr.  Herschcll,  it  may  be  inferred  to  be  a  compound  of  1 


•  System  of  Chemistry,  5th  edition. 

t  Edinburgh  Phiioiophical  Joumd,  i.  8,  and  S6. 
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atom  of  sulphur  +  1  atom  of  oxygen,  and  its  representative 
number  will  be  16  +  8,  =  24.  Its  properties  will  again 
come  under  review  in  speaking  of  the  several  hypo-sulphites. 

HypO'Sulphiiric  Acid. 

This  acid  was  discovered  by  Welter  and  Gay  Lussac* 
Their  process  for  forming  it  consists  in  passing  a  current  of 
sulphurous  acid  through  water,  in  which  finely  powdered  per- 
oxide of  manganese  is  kept  mechanically  suspended.     There 
is  immediately  produced  a  perfectly  neutral  solution,  con- 
sisting of  hypo-sulphate  and  common  sulphate  of  mangxuiese. 
When  the  solution  is  sufficiently  concentrated,  pure  barytes 
is  added  to  the  previously  heated  liquor,  and  agitated  along 
with  it,  taking  care  to  employ  an  excess  of  the  earth.     All 
the  oxide  of  manganese  is  thus  separated;  and,  sulphate  of 
bujtes  being  insoluble,  the  filtered  liquor  containsonly  the 
hypo-sulphate  of  barytes,  and  also  the  redundant  portion  of 
that  earth.     The  latter  is  to  be  separated  by  a  stream  of  car- 
bonic acid,  and  subsequent  ebullition  to  expel  any  excess  of 
carbonic  acid.     The  hypo-sulphate  is  then  to  be  crystallized^ 
dissolved  in  water,  and  decomposed  by  just  the  quantity  of 
solphuric  acid,  which  is  required  to  precipitate  the  barytes. 
The  filtered  liquor  is  to  be  concentrated,  by  exposing  it  under 
the  exliausted  receiver  of  an  air-pump,  along  with  a  vessel  of 
iolphuric  acid,  till  it  has  attained  the  density  of  1.347.     If 
continued  to  be  exposed,  it  is  resolved  into  sulphurous  acid 
which  exhales,  and  sulphuric  acid  which  remains  liquid. 

Oxygen  gas,  atmospheric  air,  chlorine,  concentrated  nitric 
>cid,  and  red  sulphate  of  manganese,  are  all  inert  on  it  at 
common  temperatures.  Zinc  is  dissolved  by  it,  and  hydrogen 
gas  is  disengaged  by  the  decomposition  of  water,  and  there 
remains  in  solution  hypo-sulphuric  acid  combined  with  oxide 
of  anc.  It  completely  saturates  salifiable  bases,  and  affords 
neutral  and  soluble  compounds  with  barytes,  strontites,  lime, 
uid  protoxide  of  lead;  whereas  sulphuric  acid  yields  insoluble 
compounds  with  all  those  bases.  At  common  temperatures 
^ese  salts  are  permanent,  but,  when  heated,  sulphurous  acid 

*  Ann.  de  Chim.  et  de  Phjs.  x.  319. 
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^^M  escapes,  niul  they  pass  to  the  state  of  sulphates,  which  4^P 

^H  still  neutral. 

^^M  H^po- sulphuric  acid  has  be«n  inferred  to  be  composed  of 

^^1  100  parts  of  sulphur  +  125  oxygen,  setting  apart  that  whid) 

^^1  is  in  the  water  essential  to  its  existence;  or  we  may  consider 

^^1  it  as  a  compound  of  100  parts  of  sulphurous  acid   +  125  of 

^^1  sulphuric.     Hence  we  have  the  four  following  acids  with  baae 

^^M  of  sulphur: 

^^H  !ial|ihur,     Uiygcn.  SuJphor.  Oljfeo. 

^H  I.  Hypo-sulphurous  acid.  100  +  50     or   I  atom  +  1  atom. 

^H  2.  Sulphurous  iicid 100  +  100  or   1  atom   +  S  atoms. 

^H         3.  Sulphuric  acid 100  +  150  or  1  atom   +  S  atomb 

^^^         4.  Hypo- sulphu lie 100  +  125  or  2  atoms  +  5  atoms. 

^^H  Aar.  2. — Sulphur  with  Cklarine. 

^^H  Sulpliur,  wiien  boMed  in  contact  with  chlorine  gas,  or  even 

^^V        when  exposed  to  it  at  common  temperatures,  absorbs  it,  and 

forms  a  singular  compound  first  described  by  Dr.  Thomson,* 

and  afterwards  investigated  by  Berthollct,  juii.t     Ten  graim 

absorb  nearly  30  cubic  inches  of  gas,  which  is  nearly  in  the 

P  proportion  of  16  (the  weight  of  an  atom  of  sulphur)  to  36 
(the  weight  of  an  atom  of  chlorine).  It  appears,  indeed)  to 
be  a  true  chloride  of  sulphur. 
This  Huid  is  volatile  below  200"  Fahrenheit.  Its  colour  ii 
red  by  reflected  tight,  but  yellowish  green  by  Irnnsmtited 
light.     It  emits  fumes,  which  are  peculiarly  acrid,  and  whicli 

I  excite  a  copious  flow  of  tears.  Its  specific  gravity  \i  1.6. 
When  agitated  with  about  an  et^ual  volume  of  water,  «n 
active  ebullition  and  great  disengagement  of  heat  lake  place ; 
sulphur  is  deposited;  and  the  residuary  liquid  contains  mu- 
riatlc  and  sulphurous,  and  a  small  quantity  of  sulphuric, 
ucids.  Hence  the  water  is  decomposed,  and  while  its  hy- 
drogen unites  with  the  chlorine,  its  oiiygen  combines  widi  die 
greater  part  of  the  sulphur.  Alcohol  and  ether  are  decom- 
posed with  appearances  of  still  more  intense  action,  and  i' 
disunites  also  the  elcmcnu  of  ammonia.  ' 

•  NichoUoa's  Jouraal,  8vo.  vol.  vi.  \  Mmi.  4'Atcudl,  toa.  i.        J 
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Mercury  acts  strongly  upon  thia  liquid;  its  surface  is  first 
tamisbed,  great  heat  is  evolved,  and  a  grey  powder  is  formed, 
wbich  is  a  mixture  of  sulphur  and  chloride  of  mercury. 

It  reddens  vegetable  blue  colours ;  but  not  till,  by  its  action 
on  water  or  on  hydrogen,  muriatic  acid  has  been  produced. 
Some  chemists  have  considered  it  as  ao  acid,  and  have  pro- 
posed to  call  it  the  chloro-sulphuric  acid;  but  besides  being 
deficient  in  the  other  qualities  of  acids,  it  does  not,  like  them, 
unite  with  salifiable  bases. 


Sulphur  with  Iodine, 

Sulphur  and  iodine  unite  at  a  gentle  heat,  and  a  black  ra- 
diated compound  is  formed,  resembling  sulphuret  of  anti- 
mony. It  is  easily  decomposed  at  a  degree  of  heat  a  little 
above  that  at  which  it  was  produced,  and  iodine  is  detached 
from  it  in  vapour.     Its  precise  composition  is  unknown. 


I 


SECTION  vir. 


Of  Selenium. 


the  chambers  for  manufacturing  sulphuric  acid,  from  the 
sulphur  which  is  procured  at  Fahlun  in  Sweden,  a  reddish 
mass  is  deposited,  which  is  principally  sulphur.  This  sub- 
stance, in  burning,  gave  out  an  odour,  which  induced  Bcr- 
zelins  to  suspect  that  it  contained  tellurium,  but  on  n  miiiule 
examination  he  discovered,  instead  of  that  metal,  a  botiy  with 
entirely  new  properties,  to  which  he  has  given  the  name  of 
selenium.  The  process,  by  which  it  was  extracted,  is  described 
in  the  13th  vol.  of  Ann  js  of  Philosophy,  p.  403 ;  but  as  the 
■ource  of  it  is  extremely  rare,  it  will  be  sullicient  to  refer  to 
Berzetius's  description.  For  the  same  reason,  I  shall  give 
only  a  short  account  of  this  substance,  confining  myself  to 
such  of  its  properties,  as  are  important  from  their  influence 
on  the  general  doctrines  of  chemistry. 

The  eoloQr  of  selenium  varies  a  good  deal.     When  mpldly 
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cooled,  its  surface  has  a  dark  brown  hue,  and  its  fracture  the 
colour  of  lead.     Its  powder  has  a  deep  red  colour,  but  it 
sticks   together  when   pounded,  and   then   assumes  a  grcj 
colour  and  a  smooth  surface.     It  softens  at  212°  Fahr.^  and 
completely  iuses  at  a  few  degrees  higher.     While  coolings  it 
has  a  considerable  degree  of  ductility,  and  may  be  kneaded 
between  the  fingers,  and  drawn  out  into  fine  threads,  whidi 
have  a  strong  metallic  lustre,  an  imperfect  degree  of  trans- 
parency ;  and  arc  red  by  transmitted,  but  grey  by  reflected 
light.     When  slowly  cooled,  it  assumes  a  granulated  fracture 
and  is  extremely  like  a  piece  of  cobalt.     At  a  temperatim 
nearly  equal  to  that  of  boiling  mercury,  selenium  enters  into 
ebullition ;  and  condenses,  either  into  opaque  metallic  drop^ 
oV,  when  a  retort  with  a  large  neck  is  used,  into  flowers  of  a 
fine  cinnabar  colour.     Its  vapour  has  a  deep  yellow  colour, 
more  intense  than  that  of  chlorine,  but  not  so  deep  as  that  of    J 
sulphur.  I 

When  heated  before  the  blow-pipe,  it  tinges  the  flame  of  i  i 
fine  azure  blue,  and  exhales  so  strong  a  smell  of  horse-radish,  J 
that  a  fragment,  not  exceeding  ^^  ^^  &  gi*ain,  is  sufficient  to 
fill  the  air  of  a  large  apartment. 

Selenium  and  Oxygen. — Oxide  of  selenium  is  formed  bjr 
heating  selenium  in  a  close  phial  with  common  air,  which 
acquires  a  very  strong  smell  of  horse-radish.  Water  agitated 
with  this  air  imbibes  the  odour  of  the  gas,  and  reddens  litmos 
feebly,  but  this  appears  to  be  owing  to  the  production  of  t  j 
small  quantity  of  selenic  acid.  Selenic  oxide  gas  is  y&j 
sparingly  soluble  in  water,  and  does  not  impart  any  taste  to 
it.  It  does  not  combine  with  liquid  alkalis.  Its  precise  com- 
position is  unknown ;  but  it  appears  to  belong  to  the  same 
class  of  oxides  as  carbonic  oxide. 

Selenic  Acid, — Selenium  dissolves  in  nitric  and  nitro-muri- 
atic  acids,  and  when  the  solution  is  evaporated  in  a  retort,  to 
as  to  expel  the  excess  of  those  acids,  there  remains  a  white 
saline  mass,  which  sublimes  on  raising  the  temperature,  toi 
forms  a  vapour,  the  colour  of  which  closely  resembles  that  of 
chlorine.  In  the  cold  part  of  the  apparatus,  selenic  acid 
condenses  in  very  long  four-sided  needles.  These  crystalii 
when  first  taken  out  of  the  retort,  have  a  dry  aspect  and  * 


peculiar  lustre.  Kxpoecd  to  the  air,  they  adhere  to  each  otlier, 
and  the  lustre  becomes  dull,  but  they  do  not  liquefy. 

Selenic  acid  has  a  sour  taste,  and  leaves  a  slightly  burning 
seiiMtioD  on  the  tongue.  It  is  very  soluble  in  cold  water,  and 
dissolves  in  almost  every  proportion  in  boiling  water.  A 
saturated  solution  crystallizes,  when  rapidly  cooled,  in  small 
grains,  and  when  slowly  cooled  in  striated  prisms.  The 
crystals  dissolve  in  great  abundance  in  alcohol,  and  the  solu- 
tion, when  distilled,  yields  a  fluid  having  an  ethereal  smell. 

Selenic  acid  unites  with  different  bases,  and  forms  a  class 
of  salts  called  Selenales  or  Setemales,  which  will  be  described 
with  their  respective  bases. 

Selenic  acid  is  easily  reduced  both  in  the  moist  and  the 
dry  way.  Wheu  a  plate  of  zinc  or  polished  iron  is  introduced 
into  a  solution  of  selenic  acid  mixed  with  muriatic  acid,  sele- 
nium is  precipitated  in  the  form  of  red,  or  brown,  or  blackish 
flakes.  It  is  revived,  also,  by  sulphureted  hydrogen  and  sul* 
phurous  acid  gases. 

From  his  investigation  of  seleitic  acid,  Berzeltus  has  in- 
Icrred  it  to  consist  of 


Selenium 71.'i6i    . 

Oxygen 28.739  . 


100.00 
,     40.»3 


100. 


the  supposition  that  it  is  constituted  of  an  atom  of 
ba>e  +  2  atoms  of  oxygen,  the  equivalent  number  for  sele* 
oium  will  be  41,  and  for  selenic  acid  57. 

Selenium  and  Chlorine. — Selenium  absorbs  chlorine  gas, 
snd  becomes  hot  and  forms  a  brown  liquid,  which,  by  an 
additional  quantity  of  chlorine,  is  converted  into  a  white  solid 
moss.  This  is  slated  by  Bcrzelius  to  be  a  compound  of 
muriatic  and  selenic  acids,  but  it  is  probably  composed  of 
chloride  of  selenium  and  the  latter  acid.  It  has  not  yet  been 
accurately  separated  into  its  component  parts,  for  when  heat 
is  applied,  both  substances  ore  subhmed. 

The  remaining  compounds  of  selenium  will  be  described 
hereafter  in  their  proper  places.  At  present,  it  is  only  ne- 
cessary to  obseP'c  farther,  that  while  this  body  possesses  8om« 
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of  the  characters  of  metals,  (the  metallic  lustre  for  example] 
it  is  destitute  of  others  that  are  essential  to  its  afrangemeiii 
in  that  class.  It  has  more  transparency  than  any  metal,  and 
IS  distinguished,  also^  from  the  metals,  by  the  want  of  power 
to  conduct  electricity  or  heat.  In  some  respecU  it  resemUei 
tellurium ;  but,  on  the  wholes  its  properties  are  most  anaIo» 
gOQS  to  those  of  sulphur;  and  it  may  be  regarded  as  fbnniof 
the  connecting  link  between  metals  and  non^metalUc  co» 

bustihleB. 


CHAPTER  VIII. 


op  THE   COMBINATION    OF   SIMPLE    ACIDIPIABLE   BODtE*) 
(NOT  metallic),  with  EACH  OTUEH. 


SECTION  I. 

Hydrogen  luitk  Nitrogen. — Ammonia. 

Art.  1. — Preparation  and  Qualities  (if  Ammonia. 

I.  Ammonia,  in  a  liquid  form,  had  been  long  known  to  clic* 
mists,  both  Basil  Valentine,  and  Raymond  Lully  having  de- 
scribed tlic  methods  of  procuring  it ;  but  Dr.  Black  was  the 
first  who  distinguished  between  its  pure  or  caustic,  nnd  its 
mikl  or  carbonated  state,  and  Dr.  Priestley  first  exhibited  it 
in  a  gaseous  form,  to  which  hv  gave  the  name  oi alkaline  air. 
To  procure  it  in  this  state,  one  of  the  following  processes  may 
be  employed. 

(a)  Mix  together  equal  parts  of  muriate  of  ammonia  and 
dry  quicklime,  each  separately  powdered ;  and  introduce  them 
into  a  small  gas  bottle  or  retort.  Apply  the  heat  of  a  lamp, 
and  receive  the  gas,  that  is  liberated,  over  mercury. 

(li)  To  a  saturated  solution  of  ammonia  in  water  or  the 
pure  liquid  ammonia,  in  a  gns  bottle,  apply  the  heat  of  a  lamp ; 
and  collect  the  gas,  as  in  a. 

II.  This  gaa  has  the  following  properties  : 
(a)  It  has  a  strong  and  very  pungent  smell. 

{b)  It  immediately  extinguishes  flame ;  and  is  fatal  to  an!- 
maJg.  Before,  however,  a  candle  is  extinguished,  by  immer- 
sion in  this  gas,  the  flame  is  enlarged,  by  the  addition  of  an- 
olber,  of  a  pale  yellow  colour,  which  descends  from  the  mouth 
to  the  bottom  of  the  jar.  If  the  flame  of  the  candle  be  only 
in  part  surrounded  with  the  gas,  this  yellowish  flame  rises  a 
few  lines  above  the  other. 

(c)  It  is  lighter  than  atmospheric  air.  Hence  ajar  fliled 
with  this  gas,  and  placed  with  its  mouth  upwards,  is  soon 


L 
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foand  to  exchange  its  contents  for  commoa  air,  which,  being 
heavier,  descends,  and  displaces  the  ammoniacal  gas.     By  the 
experiments  of  Messrs.  Allen  and  Pepys,*  undertaken  at  the 
desire  of  Sir.  H.  Davy,  100  cubic  inches  of  ammonia  were 
found  to  weigh  18.18  grains,  barometer  dO,  thermometer  M*. 
According  to  Gay  Lussac,  its  specific  gravity  is  to  that  of  com- 
mon air  as  0.5967  to  10;  and  hence,  (taking  100  cubic  incbet 
of  air  at  S0.5  grains)  100  cubic  inches  of  ammonia  weigh 
18.17  grains.    Mr.  Dalton  assumes,  that  at  a  mean  tempenh 
ture  and  pressure,  100  cubic  inches  weigh  18.6  grains;  and   ; 
hence  that  its  specific  gravity  is  6,  air  being  10.     It  does  not 
appear  that  in  any  of  these  trials,  the  gas  was  artificially  dried,    j 
To  effect  its  desiccation,  potash  or  quicklime  are  best  adapted;    ^ 
for  dry  muriate  or  chloride  of  lime,  as  well  as  several  other 
chlorides,  absorb  it  rapidly .f 

(d)  Ammoniacal  gas  is  not  sufficiently  inflammable  to  bora 
when  in  contact  with  common  air.  But,  when  expelled  from  j 
the  extremity  of  a  pipe,  having  a  small  aperture  surrounded 
by  oxygen  gas,  I  have  found  that  it  may  be  kindled,  and  it 
then  burns  with  a  pale  yellow  flame,  the  products  of  its  cooh 
bustion  being  water  and  nitrogen  gas. 

(e)  Ammoniacal  gas  may  be  decomposed  by  transmitting  it 
through  a  red-hot  porcelain  tube,  which  should  be  either  well 
glazed  internally,  or  covered  externally  with  a  lute.  It  has 
been  ascertained  by  Thenard,J  that  when  any  of  the  fife 
following  metals  arc  enclosed  in  the  tube,  they  promote  the 
decomposition  of  ammonia  in  the  order  set  down,  viz.  iron, 
copper,  silver,  gold  and  platinum  ;  iron  being  most  cfiectual, 
and  platiniun  least.  Iron,  after  the  process,  is  found  to  be 
rendered  brittle,  and  copper  still  more  so.  The  gas  obtained 
always  consists  of  3  parts  hydrogen  by  measure,  and  1  nitro- 
gen. None  of  the  metals  is  either  increased  or  diminished  in 
weight ;  and  they  can  only,  therefore,  act  as  conductors  of  hctt  ^ 
Yet  it  is  singular  that  iron  decomposes  a  much  larger  quan- 
tity than  platinum,  and  at  a  lower  temperature. 

(f)  It  has  been  asserted  by  Guyton,  that  ammoniacal  gss 
is  reduced  to  a  liquid  state  at  70°  below  0  of  Fahrenheit ;  but 

*  Philosophical  TraMsactions,  1808,  page  39. 

t  Journal  of  Science,  v.  74.  t  85  Ann.  de  Chim.  61. 
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itmay  be  questioned  nhelliertliedrops  of  liquid,  wliicli  heol>- 
Mrverl,  were  any  thing  more  than  the  watery  vapour,  which 
the  gas  always  cootaios,  condensed  by  the  cold,  and  Gaturated 
witli  ammonia.  (Ann.  de  Chim.xxlx.  ifOO.) 

(g)  Ammonia  is  rapidly  absorbed  by  water.  A  drop  or  two 
of  water  beiag  admitted  to  a  jar  of  this  gas,  confined  over 
mercury,  the  gas  will  be  immediately  absorbed,  and  the  mer- 
cury will  rise,  so  as  to  fill  the  whole  of  the  jar,  provided  the 
gas  be  sufficiently  pure.  Ice  produces  the  same  effect,  in  a 
still  more  remarkable  manner.  From  Sir  H.  Davy's  early 
experiments,  it  appeared  that  100  grains  of  water  absorb  Si 
grains  of  ammoniacal  gas,  or  190  cubic  inches.  Therelbre  a 
cubic  inch  of  water  takes  up  475  cubic  inches  of  the  gas.  More 
recently  he  has  slated  that  at  50°  Fahrenheit,  water  absorbs 
670  times  its  bulk,  and  acquires  thespecific  gravity  .875." 

Alcohol,  also,  absorbs  several  times  its  bulk,  and  affords  a 
soluuon  of  ammonia,  which  possesses  the  strong  smell,  and 
other  properties,  of  the  gas. 

(A)  Water,  by  saturation  with  this  gas,  acquires  its  pecu- 
liar smell;  and  constitutes  what  has  been  called  liquid  am- 
monia ;  or,  more  properly,  solution  of  pure  ammonia  in  wa- 
ter.    The  method  of  effecting  this  impregnation  is  as  follows: 

Process/or  ohlaining  Solution  of  Ammonia  in  IValer. 

The  following  process  is  given  by  Mr.  R.  Phillips,  as  pre- 
ferable to  that  of  the  London  Pharmacopccia.f 

On  9  oz.  of  well-burnt  lime,  pour  half  a  pint  of  water,  and 
when  it  has  remained  in  a  well  closed  vessel  for  nearly  an 
hour,  add  12  ounces  of  muriate  of  ammonia,  and  about  S\ 
pints  of  boiling  water.  When  the  mixture  has  cooled,  (iker 
the  solution;  and,  having  put  it  into  a  retort,  distil  off  20 
fluid  ounces.  The  solution  will  have  the  specific  gravity 
0.954,  which  is  quite  as  strong  as  it  can  be  conveniently  kept. 
If  the  solution  be  required  to  be  more  strongly  impregnated, 
this  will  be  best  effected  by  passing  ammoniacal  gas  through 

L^E^  *'ElementiurCl>cTn.P1>lI.  p.903. 

^^^^''  t  Remarks  oo  ihe  London  Pliiinn.  p.  t<. 
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hf  from  a  mixture  of  equal  parts  of  powdered  lime  and  miH 
riate  of  ammonia,  by  means  of  an  apparatus  similar  to  diaC 
described  for  the  preparation  of  muriatic  acid. 

The  strength  of  a  solution  of  ammonia  is  influenced  by  tiPO 
circumstances,  the  temperature  of  the  liquid,  and  the  piessuie 
on  its  surfiu^e^  for  ammonia  is  not  retained  in  water  withot 
external  force.  The  intervals  of  temperature^  requinsd  la 
doable  the  force  of  ammoniacal  vapour,  were  ascertained  hy 
Mr.  Dalton  to  increase  in  ascending.  When  mixed  with, 
common  air,  its  elasticity  b  not  altered ;  thus  when  anuatfi 
niacal  gas  of  15  inches  force  is  mixed  with  a  given  vobnne  if 
dry  air,  the  air  it  doubled  in  bulk. 

Solutions  of  ammonia,  when  mixed  with  water,  were  fiiaiil 
by  Sir  H.  Davy,  not  to  be  sensibly  condensed ;  and,  tbme^ 
fore,  if  the  quantity  of  ammonia  in  a  solution  of  given  spedfe 
gravi^  be  determined,  it  is  easy  to  calculate  the  quantitjr  n 
solutions  of  other  densities.  The  two  following  TaUes,  itnMf 
be  observed,  do  not  exactly  agree  in  their  results^  the  qatii^ 
tity  of  ammonia,  in  solutions  of  the  same  densi^,  being  frosi 
15  to  20  per  cent,  less  in  Mr.  Dalton^s  Table  tlum  in  Sir  H.   j 
Davy's.    The  numbers  in  the  latter,  marked  with  an  asteriik,  J 
were  found  by  experiment,  and  fSrom  these  the  otl|ers  weis  I 
deduced.  j 

Sir  if.  Davtfs  Table  of  the  Quantities  of  Ammoniacal  Gtf  >>   i 
Solutions   of  different  Densities   (Temp.  50^   Fahiedieiti 
Barometer^  29.8.) 


100  parts  of 

'  100  parts  of 

Specific 

Of  Amraonia. 

SpHBdfic 

OfAmmoois. 

Gravity. 

Gravity. 

.8750* 

32.5 

.9435 

14.53 

.8875 

29.25 

.9476 

13.46 

.9000 

c 

26. 

.9513 

cs 

12.40 

.9054» 

S 

25.37 

.9545 

'3 

11.56 

^9166 

i 

22.07 

.9573 

g 

ia82 

.9255 

19.54 

.9597 

8 

10.17 

.9326 

17.52 
15.88 

L.         I 

.9619 

9.60 

.9385 

.9692* 

9M_ 

•  I. 
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Jfr.  Dalio^s  Table  of  the  QuaniUies  of  Ammonia  in  Sohdums 

of  different  Specific  Gravities. 


Otwity« 

Onunsof  Am- 

moDiain  100 

wacer-graio 

neasures  of 

Uqaid. 

Grains  of  Am- 
monia m  100 
grains  of 
liquid. 

Boiling  point 
of  the  liquid 
in  degrees  of 
Fahrenheit. 

Volumes  of 

gas  condensed 

in  a  given 

volume  of 

liquid. 

8iS0 

30 

35^ 

26° 

494 

860 

28 

32.6 

38* 

456 

870 

26 

29.9 

50° 

419 

880 

24 

27.3 

62° 

382 

890 

22 

24.7 

74° 

346 

900 

20 

22.2 

86° 

311 

910 

18 

19.8 

98° 

277 

920 

16 

17.4 

110° 

244 

930 

14 

15.1 

122° 

211 

940 

12 

12.8 

134° 

180 

'950 

10 

10.5 

146° 

147 

960 

8 

8.3 

158° 

116 

970 

6 

6.2 

173° 

87 

980 

4 

4.1 

187'' 

57 

990 

■   • 

2 

2. 

196° 

28 

Art.  2. — Analysis  tf  Ammofiicu 

(1)  Ammoniacal  gas  is  decomposed  by  electricity;  and  Its 
bulk,  as  Dr.  Priestley  first  observed,  is  thus  gradually  en- 
iaiged.  Into  a  glass  tube,  having  a  conductor  sealed  herme- 
tically  ioto  one  end  (fig.  29),  and  standing  inverted  over  mer- 
cnry,  pass  about  one  tenth  of  a  cubic  inch  of  aimnoniacal  gas; 
and  transmit  through  it  a  succession  of  electrical  dischai^ges 
from  a  Leyden  jar.  The  arrangement  of  the  apparatus,  ibr 
this  purpose  is  shown  in  fig.  84,  pi.  ix.  When  two  or  three 
handred  discharges  have  been  passed,  the  gas  will  be  found  to 
have  increased  to  almost  twice  its  original  bulk,  and  to  have 
loit  its  proper^  of  being  absorbed  by  water.  Mix  it  with  a 
^uaadty  of  oxygen  gas,  equal  to  between  one  third  and  one 
Uf  of  its  bulk,  and  pass  an  electric  qpark  through  die  mix- 
ture. An  explosion  will  immediately  happen ;  and  the  quaa- 
tityofgas  will  be  considerably  diminished.    Note  the  amount 

3 


4ift  OF   COIIPOVM^ACiUmABLB  BODIBS.      CHAP^lBtfl^ 

of  the  dinunution  tyjriaia(|^;  divide  it  by  3;  8od.imdtiply  the 
product  by  2.  The  result  show*  iIm  <i!uaDtity  of  hydroge»  gpt 
in  the  mixed  gases  which  have  been  generated  by  electricity ; 
for  two  measures  of  hydrogen  are  saturated  by  one  of  oxygen 
gas. 

Suppose,  for  example,  that  we  expand  10  measures  of  am- 
monia to  18;  and  that,  after  adding  8  measures  of  oxygen 
gas,  we  find  the  whole  (=26  measures)  reduced  by  firing  to 
6  measures ;  the  diminution  will  be  20.  Dividing  20  by  3 
we  have  6.66,  which  multiplied  by  2  gives  13.32  measures  of 
hydrogen  gas  from  10  of  ammonia.  Deducting  13.32  from 
18,  we  have  4.68  for  the  nitrogen  gas  contained  in  the  product 
of  electrization.  Therefore  10  measures  of  ammonia  have  been 
destroyed,  and  expanded  into 

13.32  measures  of  hydrogen  gas, 
4.,58 nitrogen  gas. 

According  to  the  above  proportions^  100  cubic  inches  of 
ammonia,  which  weigh  about  18  grains,  if  they  could  be 
decomposed  by  electricity,  would  give  about  133  cubic  inches 
of  hydrogen  weighing  3.5  grains,  and  46  of  nitrogen  weighing 
14*4  grains,  in  all  17.9  grains,  or  one  tenth  of  a  grain  less  than 
the  ammonia  decomposed.  Mr.  Dalton  obtained  185  mea- 
sures of  gas  by  decomposing  100  measures  of  ammonia;  and, 
by  comparing  the  products  with  the  original  gas,  he  finds  that 
the  weight  of  the  former  rather  exceeds  that  of  the  latter ; 
thus, 

Grains 
100  measures  of  ammonia  x  sp.gr.      .6  =  60 

produce/  '^^'^  nitrogen,    which  x  sp.  gr.  .967  =  50.09 
'  \  133.2  hydrogen,  which  x  sp.  gr.    .08  =  10.65 

60.74 

The  excess  of  3-4ths  of  a  grain  in  60  he  considers  as  too 
small  to  affect  tlie  conclusion,  and  as  arising  from  unavoidable 
inaccuracies  in  some  of  the  data. 

It  is  contended  by  Gay  Lussac  and  Thenard,  and  the  pro- 
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bable  uccuracy  oi*  ibeir  resuli  i*  ailmittcd  by  Hiv.  II.  Davy* 
and  by  Dr.  Woilnston,  tliat  200  measures  of  aminonia  are  re- 
solvable, by  complete  deconiposUion,  inW  300  of  hydrogen 
and  100  of  nitrogen.  'I'his  pro)>ortion  in  consistent  with  the 
theory  of  combination  in  definite  volumes.  There  is,  how- 
ever, considerable  difficulty  in  ascertaining  the  precise  nmount 
of  the  gases  evolved  from  ammonia;  for  if  either  (he  gas  itself, 
or  the  mercury  which  confines  ii,  contain  any  moisture,  the 
product  of  gas,  resulting  from  its  decomposition,  will  exceed 
whiLt  it  ought  to  be.  The  problem  is  one  of  great  importance 
to  tlie  atomic  theory,  because  from  the  proportion  of  the  ele- 
meiiU  oi  ammonia,  is  deduced  the  weight  of  tlie  atom  of  ni- 
trogen. This  will  differ  considerably,  according  to  the  state- 
ment, which  we  may  adopt,  of  the  amount  of  gases  obtained 
by  decomposing  ammonia;  their  proportion  to  each  other; 
and  the  exact  specific  gravities  of  hydrogen  and  nitrogen 
gases.  From  the  data  supplied  by  Mr.  Dalton,  the  weight  of 
□itrogeu  in  ammonia  should  be  to  that  of  hydrogen  nearly  as 
5  to  I, and,  if  ammonia  be  a  binary  compound,  the  atom  of 
nitrogen  will,  therefore,  be  representeil  by  5,  and  that  of  am- 
monia by  5  +  1  =  6.  On  the  scale  of  Dr.  Woiloston,  ni- 
trogen is  represented  by  IT-Si;  which,  with  3  atoms  or  propor- 
tions of  hydrogen  (1.32  X  9  =  3.96),  gives  21,5  for  the  equi- 
valent of  ammonia,  oxygen  being  considered  as  10.  But  if 
hydrogen  be  made  the  decimal  unit,  and  it  be  admitted  that 
the  three  volumes  of  hydrogen  in  ammonia  represent  3  atoms, 
and  the  1  vol.  of  nitrogen  one  atom,  then  the  weights  of  the 
atoms  of  hydrogen  and  nitrogen  will  be  as  their  specific  gra- 
vities, viz.  as  .0G9+  to  .970,  or  as  I  to  I+.  Ammonia,  accord- 
ing to  this  view,  will  be  constituted  of  three  atoms  of  hydrogen 
=  3+1  atom  of  nitrogen  =  H,  and  its  representative 
number  will  be  17. 

(2)  In  the  Philosophical  Transactions  for  1809,  I  have  de- 
ftcribed  a  property  of  ammonia,  which  forms  the  basis  of  a 
very  easy  and  quick  mode  of  analyzing  that  alkali.  When 
mingled  with  oxygen  gas  it  may  be  inflamed  by  the  electric 
■park,  precisely  like  a  mixture  of  hydrogen  and  oxygen  gases. 


'  Elamencs  of  Otem.  Phil.  p.  309. 


^ 
^ 
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To  obtain  accurate  results,  however,  it  is  necessary  to  luc  less 
oxygen  at  first,  than  is  sufficient  to  saturate  the  whole  hydro- 
gen of  the  alkali.  This  is  easily  calculated.  If,  for  example, 
we  take  10  measures  of  ammonia,  we  must  use  less  oxygea 
than  will  saturate  13  or  li  measures  of  hydrogen  gas,  the 
quantity  which  exists  in  10  of  ammonia;  and  which  require 
about  7  of  oxygen  gas.  It  will  be  advisable,  therefore,  not  to 
add  above  *  or  5  of  oxygen.  The  whole  (suppose  15)  will 
probably,  after  firing,  be  reduced  to  about  9.  To  ilie  remain- 
ing gas  admit  4  or  5  measures  more  of  oxygen  ;  and  ou  pan- 
ing  the  electric  spark  again,  a  second  explosion  will  happen, 
with  a  diminution  of  about  6  measures.  But,  in  ihc  Brst  ex- 
plosion, the  whole  of  the  oxygen  disappears,  and  it  must  tbei^ 
fore  have  saturated  a  quantity  of  hydrogen  equal  to  10  mcB- 
Gures ;  besides  which,  two  thirds  of  the  second  diminution 
(6  -i-  3  X  2)  =  +  measures  are  owing  to  the  condensation  of 
hydrogen.  Hence  the  whole  hydrogen  is  10  4-  4  =  1 4'.  The 
nitrogen,  the  whole  of  which  exists  in  the  product  of  the  fini 
detonation,  is  ascertained  by  deducting  from  it  (viz.  from  Sia 
the  present  instance)  the  second  quantity  of  hydrogen  (4) 
which  gives  5  for  tlie  nitrogen.  These  numbers  may  no^ 
perhaps,  he  exactly  obtained  by  experiment;  and  they  ite 
given  merely  as  a  general  illustration  of  the  process. 

By  experiments  of  this  kind  I  have  determined  that  100 
measures  of  ammonia  require,  tor  saturating  the  hydrogn 
which  they  contain,  between  67  and  68  of  pure  oxygen  gM 
And  afibrd 

Of  hydrogen  gas  about  136  measures, 
nitrogen  gas 47  measurea. 

18S 

(S)  Chlorine  and  Ammonia. — Scheele  first  observed  ibl 
when  liquid  solutions  of  chlorine  and  ammonia  arc  mixed,  o^ 
when  aeriform  chlorine  is  passeil  through  liquid  ommorih 
nitrogen  gas  is  disengaged,  and  muriatic  acid  formed.  1" 
this  case  the  hydrogen  of  the  ammonia  uniics  with  the  chk'" 
rinc,  and  the  nitrogen  is  liberated.  The  latter  proce«  fil'* 
nishes  a  good  method  of  obtaining  nitrogen  gas. 
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If  into  a  bottle  containing  two  or  three  pinU  of  chlorine  gas, 
about  a  drachm  of  strong  solution  of  ammonia  be  poured,  the 
two  gases,  when  diffused  through  each  other,  act  with  6uiIicieDt 
energy  to  cause  a  detonation.  The  impossibility  of  confining 
chlorine  gas,  either  by  water  or  mercury,  renders  its  decom- 
posing action  on  ammonia  of  little  use  as  a  means  of  analyzing 
that  compound. 

Qlie  results  of  the  analysis  of  ammonia  furnish  a  good  ex- 
ample of  the  condensation  of  the  elementsof  gases,  which  takes 
place  on  chemical  union ;  and  if  we  could,  by  any  means, 
permanently  condense  a  mixture  of  136  measures  of  hydrogen 
with +7  of  nitrogen  into  100  measures,  or  three  volumes  of  hy- 
drogen and  one  of  nitrogen  into  one  volume,  the  new  gas 
would  constitute  ammonia.  Simple  admixture  of  those  gases, 
however,  even  in  the  same  proportions  which  arc  obtained  by 
analyzing  ammonia,  is  not  sufficient  to  generate  this  alkali. 
The  caloric,  with  which  the  hydrogen  and  nitrogen  are  re- 
spectively combined,  opposes,  by  its  elasticity,  an  obstacle  to 
their  union,  and  places  them  beyond  the  sphere  of  their  mu- 
tual attractions.  If  these  elements  are  presented  to  each  other 
when  one  or  both  are  deprived  of  part  of  their  caloric,  com- 
bination then  takes  place ;  and  the  composition  of  the  volatile 
alkali  is  proved  synthetically,  as  in  the  following  experiments. 

1 .  When  iron  filings,  moistened  with  water,  are  exposed  to 
utrogen  gas  confined  over  mercury,  the  gas,  after  some  time 
baa  elapsed,  acquires  the  smell  of  volatile  alkali.  In  this  case, 
ibe  iron  decomposes  the  water  and  seizes  its  oxygen ;  while 
tbe  hydrogen,  at  the  moment  of  its  liberation,  unites  with 
nitrogen,  and  composes  ammonia.  This  state  of  conden- 
wlion,  or  absence  of  the  quantity  of  caloric  necessary  to  bring 
it  into  a  gaseous  form,  has  been  called  the  nascent  state  of  hy- 
drogen gas ;  and  the  same  term  has  been  applied  to  the  bases 
of  other  gases  when  in  a  similar  state. 

(2)  Another  fact,  showing  the  mutual  relation  of  ammonia 
and  of  the  compounds  of  nitrogen,  was  discovered  some  years 
ago,  by  Mr.  Higgins  of  Dublin.*     Moisten  some  powdered 
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tin  (which  is  sold  under  that  name  by  the  druggists)  with 
^ong  nitric  acid ;  and,  when  the  red  fames  have  ceased  t^ 
arise,  add  some  quick-lime  or  solution  of  pure  potash.  A 
strong  smell  of  ammonia  will  be  immediately  produced.  In 
this  experiment,  the  tin  attracts,  at  the  same  instant,  the  ozy« 
^  gen  both  of  the  nitric  acid  and  of  the  water.  Hydrogen  and 
nitrogen  are  consequently  set  at  liberty;  and,  before  thqr 
have  assumed  the  gaseous  state,  these  two  bases  combine^  and 
constitute  ammonia.  The  ammonia  thus  generated  unites 
with  a  portion  of  undecomposed  nitric  acid ;  and  is  disengaged 
from  this  combination  by  potash  or  lime,  which  render  it  evi- 
dent to  the  smell. 

3.  A  similar  production  of  ammonia  has  been  shown  bjr 
Mr.  R.  Phillips  to  take  place,  when  nitric  acid  is  acted  upon 
by  phosphorus,  which,  simultaneously  decomposing  both  water 
and  nitric  acid,  enables  the  hydrogen  of  the  former,  and  tbe 
oxygen  of  the  latter,  to  unite  while  in  a  nascent  form. 

Art.  2.^  Salts  with  lose  of  Ammonia. 

Chlorine  and  Ammonia.  —  No  compound  of  chlorine  and 
ammonia  can  exist,  for  as  soon  as  ammonia  is  brought  into 
contact  with  chlorine,  it  is  decomposed  in  the  manner  which 
has  been  already  described. 

Chlorate  of  Ammonia  may  be  formed  either  by  saturating 
carbonate  of  ammonia  with  chloric  acid,  or  by  precipitating 
the  solution  of  any  earthy  chlorate  by  that  carbonate.  Chlorate 
of  ammonia  forms  fine  needle  shaped  crystals,  which  are  e^~ 
tremely  soluble  in  water  and  in  alcohol.     It  is  volatile,  an^' 
when  thrown  upon  a  red-hot  coal,  detonates  with  a  red  flaor^^* 
The  proportion  of  its  components  is  not  known.     (Sec  Vi 
quelin,  Ann.  de  Chim.  xcv.  97.) 

Iodine  and  Ammonia. — Dry  ammoniacal  gas  is  absorbed 
iodine  without  decomposition.     The  product  is  at  first  ve: 
viscid,  and  has  a  metallic  aspect  ;  but  by  an  excess  of  ami 
nia  it  loses  these  properties,  and   becomes  of  a  very 
brownish  red.     When  iodine  is  added  to  liquid  ammonia,  oi 
part  of  it  unites  with  the  hydrogen  of  the  alkali,  and  fon^^ 
hydriodic  acid,  while  another  portion  of  the  iodine  combin^^ 

6 
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wkh  tke  MEOtCf  and  falls  down  in  the  form  of  a  black  powder. 
This  compoand  of  iodine  and  azote  detonates  with  a  very 
j;entle  heat,  and  even  with  the  slightest  touch. 

lodaie  of  Ammonia. — This  salt  is  best  formed  by  saturating 

iodic  acid  with  ammonia.     It  is  deposited  in  small  crystalline 

gnuns  of  an  indeterminate  form.     When  these  are  thrown  on 

a  red-hot  coal,  they  detonate  with  a  feeble  violet  flame  and  an 

escape  of  iodine.     When  heated  in  close  tubes,  the  tubes  are 

frequently  burst ;  but  Gay  Lussac  succeeded  in  collecting  the 

prodoctfi,  which  were  equal  volumes  of  oxygen  and  azotic  gases. 

He  states  its  composition  at  100  acid  +  10.94  ammonia,  or 

2  vols,  of  gaseous  ammonia,  1  volume  of  iodine  in  vapour,  and 

2|  volumes  of  oxygen. 

Hydriodate  of  Ammonia  is  constituted  of  equal  volumes  of 
hydriodic  acid  gas  and  ammoniacal  gas.  It  may  be  formed 
by  mixing  the  watery  solutions  of  the  acid  and  base.  It  cry- 
stallizes in  cubes  which  are  more  soluble  than  sal  ammoniac, 
and  nearly  as  volatile,  subliming  in  close  vessels  without  de- 
composition. 

Hydro^hlorate  of  Ammoniay  Muriate  of  Ammonioy 

or  Sal-ammoniac, 

Muriate  of  ammonia  may  be  formed  by  mixing  over  mer- 
cury equal  measures  of  ammoniacal  gas  and  muriatic  acid  gas, 
which  are  entirely  condensed  into  a  white  solid.  For  pur- 
poses of  experiment,  the  common  sal  ammoniac  of  the  shops 
is  sufficient,  which  is  prepared  by  a  circuitous  process  from 
an  impure  carbonate  of  ammonia,  obtained  by  the  distillation 
of  bones,  and  other  animal  matters.  This  carbonate  of  am- 
monia, by  being  kept  in  contact  with  sulphate  of  lime  and 
Water,  is  converted  into  sulphate  of  ammonia.  This  again  is 
decomposed  by  muriate  of  soda,  which  affords  muriate  of  am- 
monia and  sulphate  of  soda.  The  latter  salt  is  separated  by 
priority  of  crystallization,  and  the  muriate  of  ammonia  is  then 
purified  by  being  once  or  twice  sublimed. 

It  has  lately  been  ascertained  by  Dr.  Marcet,  that  muriate 
of  ammonia  exists  in  sea  water,  and  may  be  separated  by  sub- 
limation from  the  uncrystallizable  part  called  bittern,^ 

•  Phil.  Trans.  1822,  p.  454. 
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It  is  easy  to  calculate  the  composition  of  this  salt,  for  since 
100  cubic  inches  of  muriatic  acid  gas  weigh  $9  grains,  and  the 
same  volume  of  ammonia  weighs  18.18  grains,  muriate  of  am- 
monia must  consist  of 

Atom. 

Muriatic  acid  ....  68.205  ....  1   . .  •  •  37 
Ammonia 31.745  •  •  • .  1   • ...  17 


100.  54 

But  in  its  ordinary  state,  the  salt  contains  water,  the  pnh 
portion  of  which,  according  to  Berzelius,  is  as  follows: 

Atom. 

Muriatic  acid 49.55  •  •  •  •  1   • .  •  •  37 

Ammonia 31.95  ....l....!?  | 

Water 18.50  • .  • .  1  .  •  •  •    9  1 


100.  63 

Muriate  of  ammonia  exhibits  the  following  properties : 

(a)  It  is  volatilized,  without  being  liquefied  or  decompoied, 
or  in  other  words  may  be  sublimed*  Sir  H.  Davy  finds  that 
it  may  even  be  passed,  without  alteration,  through  glass  or 
porcelain  tubes  heated  to  redness.  When,  however,  it  is 
transmitted  over  ignited  metals,  it  is  decomposed  into  its  gas- 
eous elements. 

(b)  It  is  readily  soluble  in  water,  three  parts  and  a  half  of 
which,  at  60%  take  up  one  of  the  salt  During  its  solotioD 
much  caloric  is  absorbed.  In  boiling  water,  it  is  still  more 
soluble;  and  the  solution,  on  cooling,  shoots  into  regular 
crystals. 

(c)  It  slightly  attracts  moisture  from  the  air. 

(d)  On  the  addition  of  a  solution  of  pure  potash,  or  pure 
soda,  the  alkali  is  disengaged,  as  b  evinced  by  the  pungent 
smell  that  arises  on  the  mixture  of  these  two  bodies,  though 
perfectly  inodorous  when  separate. 

(e)  Though  generally  considered  as  a  neutral  salt,  yet,  if 
placed  on  litmus  paper  and  moistened,  Berzelius  obserres, 
that  the  paper  is  reddened  after  some  moments,  as  it  would  be 
by  an  acid. 

(/)  It  is  decomposed  by  baryta,  strontia,  lime,  and  mag- 
nesia. 
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Nitrate  of  Ammonia. 

The  most  simple  mode  of  preparing  this  salt  is  by  adding 
carbonate  of  ammonia  to  dilute  nitric  acid,  till  saturation  has 
taken  place.  If  the  liquor  be  evaporated,  by  a  heat  between 
*l(f  and  100%  to  a  certain  extent,  it  shoots,  on  cooling,  into 
crystals,  having  the  shape  of  six-sided  prisms,  terminated  by 
long  six-sided  pyramids.  Evaporated  at  the  temperature  of 
212^,  it  yidds,  on  cooling,  thin  fibrous  crystals ;  and,  when  the 
e?aporation  is  carried  so  far  that  the  salt  immediately  concretes 
OD a  glass  rod  by  cooling,. it  then  forms  a  compact  and  shape- 
less mass. 

The  solubility  of  this  salt  varies,  according  to  the  tem- 
perature in  which  it  has  been  formed.  When  in  crystals,  it 
requires  twice  its  weight  of  water  for  solution,  or  half  its 
freight  of  boiling  water.  It  deliquiates,  in  all  its  forms,  when 
exposed  to  the  atmosphere. 

The  most  important  property  of  this  salt  is  the  one  which 
liss  been  already  described,  viz,  of  yielding,  when  decom- 
poied  by  heat,  the  nitrous  oxide.  One  pound  of  the 
compact  kind  gives,  by  careful  decomposition,  nearly  five 
cubic  feet  of  gas,  or  rather  more  than  34  doses ;  so  that  the 
expense,  estimating  the  salt  at  Ss.  lOd.  the  pound,  is  about 
SJ.  for  each  dose. 

In  a  temperature  of  600°  this  salt  explodes,  and  is  en- 
tirdy  decomposed.  Hence  it  was  formerly  called  mtrvm 
Jlonnmans, 

Its  composition  varies  according  to  the  mode  of  its  pre- 
paration, and  is  stated  by  Sir  H.  Davy  as  follows : 

Prismatic.  Fibroas.  Compact.  - 

69.5    72.5    74.5  acid 

18.4    19.3    19.8  ammonia 

12.1    8.2    5.7  water 


100.  100.  100. 

The  prismatic  variety  is  stated  by  Berzelius,*  who  inves- 


•  80  Ann.  ds  ChilD.  189. 
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tigated  very  carefully  the  results  of  its  decomposition,  to  ccm- 

S«'^b  of 

Atom. 

Add  ,•••••  67.625   1   ......  M 

Base 21.143    <  1   17 

Water  . .  •  •  1 1.232   1   9 


100.  80 

The  dry  salt,  therefore,  is  constituted  of  1  atom  of  add  + 1 
atom  of  base,  and  its  equivalent  is  54  +  17  =  71* 

Carbonates  of  Ammonia, 

Carbonate  of  ammonia  consists  of  one  volume  of  carbonic 

acid  and  two  volumes  of  ammonia,  which,  when  mingled  ofor 

mercury  in  that  proportion,  undergo  complete  condensation. 

As  100  cubic  inches  of  carbonic  acid  weigh  ii6.S6  grains,  and 

200  of  ammonia  36.36  grains,  in  all  82.92  grains,  carbonate 

of  ammonia  must  consist  of 

Atom. 

Carbonic  add  • •  56.20   •  •  •  •  1    •  • ,  •  22 

Ammonia •  •  43.80   •  •  •  •  1    •  • .  •  17 

100.  89 

These  proportions  differ  very  little  from  the  experimental 
results  of  Gay  Lussac  (56.02  acid  +  43.98  base). 

Bi'Carbonate  of  ammonia  was  formed  by  BerthoUet,  by  im- 
pregnating a  solution  of  the  common  carbonate  with  carbonic 
acid  gas.  It  crystallizes,  when  evaporated  by  a  very  gentle  heat, 
in  small  six-sided  prisms,  has  no  smell,  and  but  little  taste.  It 
consists,  according  to  BerthoUet^  exclusive  of  water,  of 

Atoms. 

Carbonic  acid 71.81    ....  2    • ...  44 

Ammonia 28.19   ....  1    ••••17 


100.  61 

Sesqui'Carbonaie  of  Ammonia. — Besides  these  two  compound* 
of  ammonia  and  carbonic  acid,  there  is  another  which  is  g^ 
nerally  met  with  in  the  shops  under  the  name  o(  sulhcarlofiot^ 
of  ammonia.  It  is  produced  by  exposing  to  heat,  in  a  proper 
subliming  apparatus,  a  mixture  of  muriate  of  ammonia  ana 
carbonate  of  lime,  and  if  no  loss  occurred  during  the  opera- 
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tioo,  it  oi]^ht  to  consist  of  1  atom  of  carbonic  acid,  1  of  am- 
monia, and  1  of  water.  But  the -heat,  which  is  necessary  to 
the  decompoution,  expels  both  ammonia  and  carbonic  acid, 
and  the  resulting  salt  has  the  following  proportions : 

Acid.  Base.  Water. 

According  to  Dr.  Ure  * 5if.5   ....  30.5   ....  15. 

Mr.  Phillips t  ....  54.2    ....  29.3    ....  16.5 

Mr.Daltonj: 59 24.5   ....  16.5 

The  atomic  constitution,  nearest  to  the  above  proportions, 
and  that  which  probably  belongs  to  the  salt  in  its  perfect  state, 
isas  follows: 

Acid. 55.72 3  atoms 66 

Base 29 2  atoms 34 

Water 15.28 2  atoms 18 


100.  ] 18 

Viewing  it  as  a  compound  of  1^  portions  of  carbonic  acid, 
1  ammonia,  and  1  of  water,  it  has  been  called  by  Mr.  Phillips 
a  sesquucarbonale,  and  if  this  view  be  unconnected  with  the 
notion  of  its  containing  the  fraction  of  an  atom,  there  can  be 
no  objection  to  the  name.  It  is  preferable,  indeed,  to  that  of 
sob-carbonate,  which  should  be  reserved  for  the  compound, 
hitherto  unknown,  of  1  atom  of  acid  and  2  of  base. 

When  the  sesqui^carbonate  is  fresh  prepared,  it  has  a  cry- 
stalline appearance  and  some  transparency,  and  is  hard  and 
compact.  It  has  a  pungent  smell,  and  a  sharp  penetrating 
taste,  and  affects  vegetable  blues  as  uncombined  alkalis  do. 
It  dissolves  in  twice  its  weight  of  cold,  or  an  equal  weight  of 
boiling  water.  When  exposed  to  the  atmosphere,  it  loses 
Weight  very  fast,  ceases  to  be  transparent,  loses  its  odour,  and 
becomes  brittle  and  easily  reducible  to  powder.  When  its 
chemical  composition  is  now  examined,  it  is  found  to  be  iden- 
tical with  the  bi-carbonate,  or  to  consist  of 

Two  atoms  of  acid   44 

One  atom  of  base 17 

Two  atoms  of  water 18 

79 

*  Ann.  4)f  Phil.  x.  206.  t  Quarterly  Journ.  vii.  894. 

X  Maoch.  Mem.  iii.  33* 
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It  has  therefore  lost,  by  exposure,  1  atom  of  acid  and  1 
atom  of  base. 

By  varying  the  proportions  of  the  ingredients,  and  the  re* 
gulation  of  the  heat,  it  is  possible  to  obtain  a  bi-carbonate  at 
once  by  sublimation.     (Annals  of  Philos.  N.  S.  iii.  110.) 

Borate  of  Ammonia^  formed  by  saturating  boracic  acid  wilh 
ammonia,  crystallizes  somewhat  like  borax.  When  heated, 
part  of  the  hose  is  expelled.  It  consists,  according  to  Berae- 
lius,  of 

Acid 37.95   loa 

Ammonia 30.32    79.895 

Water 31.73 


100. 


Phosphite  of  Ammonia  is  a  very  soluble  salt,  and  is  with  dif- 
ficulty brought  to  crystallize. 

Hypophosphite  of  ammonia  is  very  soluble  both  in  water 
and  alcohol.     Its  composition  has  not  been  ascertained. 

Phosphate  of  ammonia  may  be  formed  by  saturating  the 
superphosphate  of  lime,  resulting  from  the  action  of  sulphuric 
acid  on  bones,  with  carbonate  of  ammonia.  The  liquid,  when 
evaporated  spontaneously,  crystallizes  in  low  four-sided  pyra- 
mids with  square  bases.  It  is  soluble  in  twice  its  weight  of 
water  at  55^  Fahr.  When  heated,  it  fuses,  swells,  and,  if  ihc 
heat  be  strongly  urged,  loses  its  alkaline  base,  the  phosphoric 
acid  being  left  in  a  glacial  form. 

Sulphite  of  Ammonia  crystallizes  in  six-sided  prisms  ter- 
minated by  six-sided  pyramids.  It  is  soluble  in  an  equal 
weight  of  cold,  or  in  less  than  an  equal  weight  of  boiling  water. 
It  attracts  moisture  from  the  air,  and  rapidly  passes  to  the 
state  of  a  sulphate.  It  is  constituted  of  100  acid  +  53.2  bas^ 
or  of  an  atom  of  each  of  its  elements ;  and  the  crystals  consitt 
of  two  atoms  of  salt  and  one  atom  of  water. 

Hyposulphite  of  ammonia. — According  to  Mr.  Herschellf 
this  is  strictly  a  bi-salt,  consisting  of  2  atoms  of  acid  and  1  of 
base.  It  does  not  readily  crystallize.  Its  taste  is  pungent  and 
excessively  bitter.  When  heated,  it  bums  with  a  feeble  flamei 
and  evaporates. 

Sulphate  of  ammonia  may  be  formed  by  nniting  100  parts  cf 
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the  compact  sesqui-carbonate  with  88  of  sulphuric  acid,  pre- 
▼krasly  diluted  with  water.     The  salt  crystallizes  in  long  flat- 
tened priftms  with  six  sides,  terminated  by  six-sided  pyramids. 
These  crystals  have  a  cool,  bitter  taste ;  they  slightly  attract 
moistaiie  from  the  air ;  are  soluble  in  two  parts  of  water  at 
60%  or  in  an  equal  weight  of  boiling  water.     During  solution 
di^  produce  cold.     When  heated,  they  sublime;  but  the  con- 
rthation  of  the  salt  undergoes  some  change. 
It  is  composed,  according  to  Berzelius,  of 


Sulphuric  add 53.1 

Ammonia 22.6 

vV aier •  •.••••••....  x y. o 


•  • . . 


.... 


1  atom 

1  do. 

2  do. 


.... 


... 


100. 


40 
17 
18 

75 


When  dried  as  much  as  possible  without  decomposing  it. 
Dr.  Ure  found  that  it  lost  an  'atom  of  water,  or  that  it  con- 
nitedof61  acid  +  25.96  ammonia,  +  13.04  water. 

Seleniaies  of  ammonia. —  Selenic  acid  unites  with  ammonia 
in  three  different  proportions,  forming  seleniate,  biseleniate^ 
ud  quadriseleniate.  These  salts,  which  are  not  important, 
ve  described  by  Berzelius.     (Ann.  de  Chim.  et  Phys.  ix.  260.) 


SECTION  II. 


Conibinaiions  of  Hydrogen  with  Carbon. 

Only  two  distinct  and  well-characterized  compounds  of  hy- 
drogen and  carbon  are  at  present  known ;  for  though  it  has 
been  contended,  by  some  chemical  writers,  that  these  two  ele- 
ments are  capable  of  uniting  in  almost  all  proportions,  yet 
tkere  seems  no  reason  for  believing  that,  in  this  instance,  there 
is  any  departure  from  the  general  law,  that  bodies  combine  in 
popordons  which  are  few  in  number,  and  which  are  either 
cqoal,  or  are  simple  multiples  or  divisors  of  each  other. 

The  union  of  hydrogen  with  carbon  cannot  be  effected  by 
bettbg  charcoal  in  hydrogen  gas,  for  the  cohesive  attract 

4 


1 

I 


418  OF  COMPOUND  ACIDIFIABLB  BOMBS.       CHAP.  ¥111, 

tion  of  the  particles  of  charcoal  prevents  the  combinatiop.  It 
may  be  effected,  however,  by  exposing  to  a  high  temperatora 
some  of  the  solid  and  liquid  compounds  of  hydrogen  and  char* 
coal,  and  it  is  produced  also  by  several  naiural  operadoB% 
(especially  by  animal  and  vegetable  putrefaction*  The  gas 
which  has  a  minimum  of  carbon  may  be  called,  simply^  car* 
bureted  hydrogen  gas.  - 

Art.  1 . — Carlureted  Hydrogen  Gas. 

It  has  been  distinguished  also  by  the  name  of  heavy  u^Uah 
mable  air,  gas  of  marshes,  hydro-carburet ,  proio-carburei  ofMf' 
drogen,  and  has  been  termed  by  Dr.  Thomson,  bi-hydrogmi 
of  carbon. 

This  gas  may  be  obtained,  mixed,  however,  with  about  -^  of 
carbonic  acid,  and  -rr  o'*  -zV  ^^  nitrogen  gas,  by  stirring  tfw 
bottom  of  almost  any  stagnant  pool  of  water,  especially  if 
formed  of  clay.  When  this  is  done  by  an  assistant,  thegM 
is  copiously  disengaged  in  bubbles,  which  may  be  cdledd 
dther  in  an  inverted  glass  jar,  or  in  an  inverted  bottle  filled 
with  water,  into  the  mouth  of  which  a  funnel  is  fixed.  It 
should  be  washed,  when  collected,  with  lime  water  or  liquid 
potash. 

It  may,  also,  be  procured  by  the  purification  of  gas  from 
coal,  by  means  of  chlorine  and  solution  of  potash,  applied  in 
succession,  in  a  manner  which  will  afterwards  be  described  in 
speaking  of  coal  gas. 

Carbureted  hydrogen,  thus  obtained,  is  permanent  oTer 
water,  which,  after  being  well  purged  of  air  by  boiling,  is  ca- 
pable of  taking  up  about  ^th  of  its  bulk.  It  has  very  little 
odour,  the  strong  and  disogreeable  smell  of  coal  gas  being  de- 
pendent on  foreign  admixtures.  Its  specific  gravity,  fromDr- 
Thomson's  experiments  and  my  own,  is  0.555 ;  and  hence  100 
cubic  inches,  at  a  mean  of  the  barometer  and  thermomeCer, 
weigh  16.95  grains. 

When  set  on  fire  as  it  issues  from  a  small  orifice,  it  bornf 
with  a  yellow  flame,  giving  out  vastly  more  light  than  hy- 
drogen gas.  When  mixed  with  atmospheric  air,  it  maybe 
kindled  by  a  lighted  taper,  and  it  explodes  with  violence,  pro- 
vided it  forms  not  less  than  ^th  of  the  mature,  and  does  not 
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j4b.     With  oxygen  gas,  the  detonation  is  louder  and 
more  yiolent ;  but  it  is  necessary  that  the  oxygen  should  ra- 
ther exceed  the  injBammable  gas  in  volume,  and  yet  should 
not  be  more  than  2i  times  its  bulk.     Under  a  pressure  dimi- 
nished below  one-fourth  that  of  the  atmosphere,  the  mixture 
ceases  to  be  combustible;  and  its  inflammability  is  also  much 
lessened,  by  mingUng  it  with  carbonic  acid  and  some  other 
gues.     To  burn  it  completely,  it  is  necessary  to  use  more  than 
iirice  its  volume  of  ox3'gen  gas,  of  which  exactly  two  volumes 
ve  consumed,  and  carbonic  acid  is  produced,  equivalent  in 
ndume  to  the  inflammable  gas.     Now  we  know  that  in  car- 
bonic acid  gas  there  exists  exactly  its  volume  of  oxygen ;  and 
heoce  one  volume  of  the  oxygen  sjient  is  found  in  that  com- 
poondy  and  the  other  volume  has  formed  water  with  the  hy- 
drogen, which  last  element  must  have  existed  in  quantity  equi- 
mdent  to  twice  the  bulk  of  the  inflammable  gas.     The  water 
produced  may  be  collected  by  the  slow  combustion  of  the  gas, 
hUthis  is  not  necessary  for  calculating  the  proportion  of  ]t» 
^onents,  which  may  be  correctly  estimated  as  follows.     Since 
100  cubic  inches  (=  16.95  grains)  afford  by  combustion  100 
cubic  inches  of  carbonic  acid,  weighing  ^46.5  grains,  and  con- 
taining 12.69  grains  of  carbon,  then  16.95  —  12.69  =  4.26  is 
the  hydrogen  in  100  cubic  inches  of  carbureted  hydrogen, 
which  is,  therefore,  constituted  of 

Grains.  Grains.  Grains. 

Charcoal....  12.69    ....  74.87    ....  100. 
Hydrogen .  . .     4.26   ....  25.13    ....     33.41 

16.95  100.  133.41 

Or  carbureted  hydrogen  gas  may  be  stated  to  be  composed 
of  2  volumes  of  hydrogen  and  1  volume  of  gaseous  carbon 
ctmdensed  into  1  volume.  But  2  volumes  of  hydrogen  re-* 
<|turing  1  volume  of  oxygen  to  form  the  binary  compound, 
^tter,  which  we  have  already  considered  to  be  constituted  of 
SQ  atom  of  each  element,  the  atomic  constitution  of  carbureted 
liydrogen  will  be  I  atom  of  charcoal  (=  6)  +  2  atoms  of  hy- 
drogen (=2)  and  the  compound  atom  will  weigh  8.  From 
^  view  of  its  constitution,  the  name  proposed  by.Dr.  Thom- 
son (bi-hydroguret  of  carbon)  is  certainly  most  appropriate. 
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and  it  IB  only  to  avoid  the  inconvenience  of  laying  aside  one 
which  is  sanctioned  by  long  usage,  that  I  employ  that  of  car* 
bureted  hydrogen. 

When  cai'bureted  hydrogen  and  chlorine  gases  are  mixed 
together,  no  change  ha]>pens  either  immediately  or  on  stand- 
ing, provided  light  be  carefully  excluded;  but  if  exposed  to 
the  ordinary  light  of  day,  and  siill  more  rapidly  in  sunshine,  a 
mutual  action  ensues.  If  4  volumes  of  chlorine,  and  I  of  cartnh  i 
reted  hydrogen,  be  thus  kept,  during  a  few  hours,  in  a  boHk   ' 
filled  entirely  with  the  mixiurc,  and  furnished  with    a  weH* 
ground  stopper,  on  removing  this  under  water,  a  sudden  ab- 
sorption of  muriatic  acid  gns  takes  place,  and  1  volume  of  car- 
bonic acid  remains.     Three  volumes  of  chlorine  and  one  of 
carbureted  hydrogen  afford  a  residue  of  carbonic  oxide.     In 
both  cases,  water  Is  decomposed   (for  the  gases  do  not  «cl  on 
eoch  other  if  perfectly  dry),  the  oxygen  of  the  water  uniting 
with  the  carbon,  and  its  hydrogen  with  the  chlorine.     If  tbe 
quantities  be  sufficiently  large,  and  the  sun's  rays  fall  on  lb 
mixture,  a  detonation  ensues,  which  may  also  be  pro 
either  by  an  electric  spark,  or  by  a  lighted  taper. 


% 


Art.  2. — Bi-tailiureied  Hydrogen,  or  Otefianl  Gas. 

This  gas  was  discovered  by  the  associated  Dutch  chemJA 
and  was  termed  by  them  otefianl  gas,  from  a  pro|>erty  whidl 
will  presently  be  described.  It  has  since  been  culled  (ri-carhf 
reled  or  pefcarliureled  hydrogen,  and  by  Dr.  Tlionison,  *y* 
droguret  qf'carhon.  It  may  readily  be  obtained  by  distilling 
in  a  glass  retort,  with  a  gentle  heat,  three  measures  of  co»a»* 
trated  sulphuric  acid,  and  one  measure  of  alcohol.  Thenii>!' 
ture  soon  assumes  a  black  colour  and  thick  consistence,  and  s 
gas  is  disengaged  which  may  be  collected  over  water,  *^ 
freed  from  carbonic  acid  by  washing  it  with  liquid  potash,  'f 
left  to  stand  long  over  water,  it  sustains  a  diminution.  ll>*t 
fluid  being  capable  of  taking  up  ^th  of  its  volume  of  lb' 
gas. 

Bi -carbureted  hydrogen,  when  pure,  has  very  little  odouf' 
except  when  mingled  with  a  little  sulphuric  ether,  wliirli'* 
formed  along  with  it.     lis  specific  gravity  is  stated  bj  ll" 
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Dutch  chembu  at  .909 ;  by  my  ttuperiments,  made  Beveral 
years  ago,  it  is  .£167;  by  those  of  Sausaure,  jun.  .9852;  and  by 
Dr.  Thotnsoa's  latest  trials  0.970.  According  to  the  last 
mentioned  r&sult,  lOOcubic  inches,  at  a  mean  of  the  barometer 
and  thermometer,  weigh  29.64  grains. 

This  gas,  when  set  on  fire  as  it  issues  from  the  orifice  of  a 
small  pipe,  burns  with  a  remarkably  dense  and  bright  flame, 
very  superior  to  that  of  simple  carbureted  hydrogen.  When 
mingled  with  oxygen  gas,  it  detonates  very  loudly  and  forcibly, 
and  if  fired  by  electricity  in  a  Volta's  eudiometer,  is  apt,  unless 
very  small  quantities  be  employed,  to  burst  the  instrument. 
One  volume  requires  for  satui-alion  three  volumes  of  pure 
oxygen  gas,  and  afTords  two  volumes  of  carbonic  acid  gas. 
But  in  order  to  insure  the  perfect  combustion  of  the  inflam- 
mable gas,  it  should  be  mixed  with  5  times  its  bulk  of  oxygen, 
of  at  least  90  per  cent  purity.  If  too  little  oxygen  be  used, 
charcoal  is  apt  to  be  precipitated  unburned ;  and  the  excess  of 
oxygen  does  no  harm,  but  remains  in  the  mixture.  Wlien 
fired  with  less  than  its  own  bulk  of  oxygen,  the  separation  of 
charcoal  is  very  evident,  and  the  bulk  uf  the  residue  is  greater 
than  that  of  the  original  gases. 

Calculating  the  constitution  of  this  gas,  from  the  oxygen 
spent  in  its  combustion  and  the  carbonic  acid  formed,  pre- 
cisely as  was  done  with  respect  to  carbureted  hydrogen,  we 
have  the  following  results,  the  first  column  including  the  com- 
potitioQ  of  100  cubical  inches. 


Graiiu. 

GralM. 

Grain*. 

Charcoal . . , 

, .  25.38  . . . 

...  85.63... 

.  ..    100. 

Hydrogen . . 

,.     4.26... 

...    14.37... 

...       16.71 

In  this  gos,  therefore,  100  grains  of  charcoal  are  united 
with  16.71  hydrogen,  and  in  the  last  with  33.*I ;  or,  as  nearly 
as  possible,  olefiant  gas  contains  only  one  half  the  hydrogen. 
Its  constitution  may  hence  be  stated  as  follows : 


VoU  oT  Cub.   Vol*  of  Bydr 
In  each  volume ....  2       +       2       = 


AkofCarb.    At-ofHydr. 
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The  compound  atom,  therefore,  will  wei^  6  +  1  =  7« 
Its  greater  combustibility  evidently  depends  off  its  containiiig, 
in  a  given  volume,  twice  the  quantity  of  carbonaceous  matter 
that  is  present  in  simple  carbureted  hydrogen. 

When  olefiant  and  chlorine  gases  ai*e  mixed  together  ia 
equal  quantities,  an  immediate  diminution  ensues ;  and  this 
effect  takes  place,  even  when  the  vessel  is  shaded  from  the 
light  by  an  opake  cover.     It  is  therefore  wholly  independent 
of  the  agency  of  light,  and  may  be  made  the  basis  of  a  metlwd 
of  analyzing  a  mixture  of  olefiant  and  carbureted  hydroga 
gases.     For  of  the  diminution  thus  produced,  one  half  is  dav 
to  the  olefiant,  and  one  half  to  the  chlorine  gas,  those  g$m 
having  been  ascertained  to  saturate  each  other  in  equal  vo- 
lumes.    Into  a  graduated  tube  standing  over  water,  admit  50    ] 
or  40  measures  of  chlorine  gas,  and  note  its  bulk  when  actmlif    \ 
m  the  tube,  which  must  be  shaded  by  an  opake  coven    Umb 
add  a  known  quantity  (suppose  50  measures)  of  the  gas  nickr 
examination;  and,  after  ten  minutes,  cautiously  lift  theoilv 
cover,  till  the  surface  of  the  water  appears.    If  the  voluoiecf 
the  two  gases  has  suffered  no  diminution,  we  may  infer  tbt 
absence  of  olefiant  gns;  but  if  the  united  bulk  of  the  two 
gases  be  less  than  the  sum  of  their  separate  volumes,  divide 
the  diminution  by  2,  and  the  quotient  will  show  how  nradi 
olefiant  gas  has  been  condensed.     In  this  way  I  have  fbmd 
that  olefiant  and  carbureted  hydrogen  gases  may  be  accoratdy 
separated  from  each  other  ;  but  it  is  necessary  to  use  a  flight 
excess  of  chlorine,  which   may   afterwards  be  removed  hj 
washing  the  residue  with  liquid  potash,  and  the  carboreted 
hydrogen  will  then  be  obtained  pure. 

By  the  action  of  chlorine  gas  on  bi-carbureted  hydrogeDj  s 
liquid  substance  is  formed,  in  appearance  very  much  reseob* 
ling  oil,  and  which,  being  at  first  mistaken  for  oil,  occasioued 
this  gas  to  be  called  olefiant.  It  possesses,  however,  verydif* 
ferent  properties  from  those  of  oil,  and  more  nearly  approaditt 
in  character  to  ether.  It  may  be  collected  in  quantity,  If 
mixing  large  volumes  of  chlorine  and  bi-carbureted  hydrogcBi 
taking  care  to  have  an  excess  of  the  latter  gas;  and  it  may  be 
purified  by  washing  it  with  water,  and  then  distilling  it  from 
dry  chloride  of  calcium.  It  has  an  agreeable  etherial  smdl,  and 


SICT.II.  HVDROOKN    WITH    CARBON.  417 

a  not  unpleasant  taste.  Its  specific  gravity  at  45^  F.  is  1.2201 ; 
it  boils  at  152^;  at  49^  its  vapour  is  capable  of  supporting  a 
column  of  mercury  24.66  inches  in  length,  and  the  specific 
gravity  of  its  vapour  is  to  that  of  air  as  3.4434  to  1.  It  con- 
asts  of  1  vol.  of  chlorine  +  1  vol.  of  olefiant  gas  condensed 
into  I  vol. ;  or  by  weight  of 

Chlorine 72.5   100 

Olenant  gas  ••••••••  27*5   •••••...••    38*88 

100. 

Or  it  is  constituted  of  two  atoms  of  bi-carburcted  hydrogen 
f  1  atom  of  chlorine  gas.  It  has  been  called  by  Dr.  Tliom- 
lOD,  chloric  ether ;  but  a  more  appropriate  name  would  be 
kfdrO'Chlaride  of  carbon. 

When  olefiant  gas  is  mixed  with  eight  or  nine  times  its 
balk  of  chlorine,  and  exposed  to  the  sun's  rays,  at  first  the 
ftud  bydro-chloride  of  carbon  is  formed,  and  this,  by  con- 
tumiog  the  exposure,  is  changed  into  the  crystalline  com- 
poond  of  carbon  and  chlorine,  discovered  by  Mr.  Faraday, 
and  already  described  as  the  perckhride  of  carbon. 

When  iodine  and  olefiant  gas  are  exposed  in  a  similar 
manner  to  the  sun's  rays,  the  two  substances  unite,  and  form 
colourless  crystals.     When  the  redundant  iodine  has  been 
washed  away  by  liquid  potash,  and  the  residue  coUected  and 
dried,  it  is  a  solid  white  crystalline  bod}*,  heavier  than  sul- 
phuric acid ;   having  a  sweet  taste  and  an  aromatic  smell ; 
foble,  and  a  nonconductor  of  electricity ;  fusible,  and  capable 
of  being  sublimed  at  a  moderate  heat  without  change;  but 
decomposed  by  a  strong  heat.     It  is  not  readily  combustible, 
bat,  when  held  in  the  flame  of  a  spirit  lamp,  burns,  diminishing 
the  flame,  and  giving  off*  abundance  of  iodine  and  some  fumes 
of  hydriodic  acid.     It  is  insoluble  in  water,  and  in  acid  and 
alkaline  solutions;  but  dissolves  in  alcohol  and  in  ether.     It 
may  be  termed  hydriodide  of  carbon^   or   hydro-carburet  of 
UN&6.  (Faraday,  Phil.  Trans.  1821.)    From  a  recent  analysis 
fay  Mr.  Faraday,  it  appears  to  consist  of  1  atom  of  iodine 
+  2  atoms  of  olefiant  gas.     (Quarterly  Journal,  xiii.  429.) 
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Abt,  3. — On  Ike  Mixed  HouiLuslilrle  Gases  from  Mt 

coal,  jilcohol,  Ether,  Cool,  Oil,  Tallmo  and  tfax. 

The  two  gases,  which  have  been  jusL  (3escribed  under  tbe 
nunes  of  carbureted  and  bi-carburetcd  hydrogen,  appear  to 
me  to  be  the  only  compounds  of  those  elements,  that  have  ai> 
yet  been  proved  to  be  distinct  and  well -characterized  apecin; 
though  it  is  extremely  probable,  as  I  have  shown  in  ibc  PhiL 
Trans,  for  1820,  that  another  gas  exisU,  whicli  was  first  ob- 
served by  Mr.  Dalton';  is  heavier  and  morecombustiblethanole- 
liant  gas  ;  and  contains  n  larger  proportion  of  carbon.  It  is  d 
mixtures  of  two  or  more  of  tliosc  three  gases,  with  occasionally 
a  proportion  of  carbonic  oxide,  that  die  almost  infinite  variety 
of  aeriform  products  are  constiiuted,  which  are  obtainable  bjr 
the  exposure  of  moistened  charcoal,  of  alcohol  or  ether,  of  wi, 
tallow,  wax,  or  coal,  to  a  heat  a  little  above  ignition.  Hui 
view  of  the  subject,  at  tcasl,  appears  to  nie  much  more  pn^ 
bablc,  than  that  they  are  so  many  distinct  compounds  of 
carbon  and  hydrogen,  which,  on  this  theory,  would  be  capable 
of  uniting  in  all  possible  proportions  with  ench  other. 

or  these  aeriform  compounds,  the  gases  from  coal  and  fnxn 
oil  are  of  most  importance,  from  their  widely  extended  uio  >ii 
nrtjlicial  illumination. 

Coal  Gas. — By  submitting  coal  to  distillation  in  an  iron 
retort,  besides  a  portion  of  tar  and  solution  uf  carboiule 
of  ammonia,  which  condense  in  a  liquid  form,  a  lafj^ 
quantity  of  permanent  gas  is  evolved,  This  gns  I  hau? 
rfiown  (Phil.  Trans.  1608  and  1820)  is  extremely  variable  in 
comjtosition  and  properties,  not  only  when  prepared  from  d^ 
ferent  coals,  but  from  tlie  same  kind  of  coal  under  dJffiWM* 
circumstances.  Within  certain  limits,  the  more  qntcltlf  d* 
heat  is  applied,  the  greater  is  the  quantity,  and  the  belltl 
the  quality,  of  the  gas  obtained  from  coal ;  for  too  slow  ■ 
heat  expels  the  inflammable  matter  in  the  form  of  tar.  tit 
early  products  of  gas  are,  also,  the  heaviest  and  most  co^ 
bustible,  and  there  is  a  gradual  decline  in  quality  lowiid* 
the  close  of  the  distillation,  insomuch  that  the  last  pruducB 
arc  inferior,   by   more   than  one  half,   to  the  first.     The  gf 
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Dend  iiome  of  coal  gas  is,  therefore,  quite  indefinite.  It 
i%  in  fiict^  a  mixturie  of  the  two  varieties  of  carbureted 
hfdrogexif  whhr  a  third  which  remains  to  be  more  fully 
inresligated,  as  well  as  with  hydrogen  gas,  ci^rbbnic  oxide, 
ctfbonic  acid,  nitrogen,  and  sulphuretcd  hydrogen  gases,  in 
arovnurying  proportions.  To  describe  the  methods  of  sepa- 
raCiii([r  these  gases  from  each  other,  would  lead  into  minute 
details  not  suited  to  an  elementary  worK,  and  I  refer  therefore 
to  the  papers  which  I  have  published  in  the  Phil.  Trans,  for 
1806  and  1820,  and  in  the  3d.  vol.  2d.  Series,  of  the  Man- 
duster  Society's  Memoirs,  or  Annals  of  Philosophy,  vol.  xv. 

Coal  gas,  as  generally  procured,  has  a  very  disagreeable 

tAfOtf  arising  from  sulphureted   hydrogen,  and,  perhaps,  a 

little  solpharet  of  carbon ;  but  both  these  may  be  washed  out 

rfitby  cream  of  likne,  with  (as  I  have  shown)  very  little  loss  of 

ihnmia&lg  power,  and  with  an  entire  removal  of  all  unplea- 

■at  smdt  either  before  or  during  burning.     The  best  gas 

hi  die  specific  gravity  .650  or  upwards ;  and  each  .volume 

coQsames  about  2-j.  volumes  of  oxygen  and  gives  1^  volumie 

of  carbonic  acid;  the  last  portions  have  a  speciiBc  gravity 

11  low  as  .340,  and  each   volume  consumes  about  8-lOths 

of  a  volume  of  oxygen,  and  gives  about  3-lOths  of  a  volume 

^^ carbonic  acid.   In  the  best  gas,  chlorine,  applied  as  directed 

page  41 69  detects  from  13  to  20  per  cent,  of  olefiant  gas,  and 

^  remainder  is  almost  pure  carbureted  hydrogen :  but  the 

W  products  contain  little  or  no  olefiant  gas,  much  less  car- 

l^ireted  hydrogen,  and  instead  of  these,  a  large  proportion 

^hydrogen  and  carbonic  oxide^  both  of  which  afibrd  very 

little  light  by  their  combustion. 

It  is  scarcely  possible  to  assign  the  quantity  of  gas,  which 
<Higfat  to  be  obtained  from  a  given  weight  of  coal,  but  it 
^^j  be  considered  as  an  approach  to  a  general  average  to' 
<tite  that  llSlbs.  of  good  coal  are  capable  of  giving  firom  450 
^  500  cubic  feet  of  gas  of  such  quality,  that  half  a  cubic  foot 
P«r  hour  is  equivalent  to  a  mould  candle  of  six  to  the  pounds 
^Himing  during  the  same  space  of  time. 

Oil  Oat.— In  Nicholson's  Journal  for  1805,  I  have  given 
^  account  of  some  eiq)eriment8  on  the  gas  obtained  by  the 
^^structive  distillation  of  spermaceti  oil,  which  showed  that 
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oCall  tbe  arliticial  gases,  tli'is,  next  to  defiant  gas,  consumct 
most  oxygen,  and  is  the  best  ndapted  to  aBbrd  light.     Sinn 
that  time,  an  apparatus  has  been  invented  by  Messrs.  Taylor, 
of  London,  which  has  greatly  facilitated  the  preparation  of  oil 
gas  on  a  large  scale,  and  this  gas  is  now  much  used  as  a  soarM 
of  artificial  light.     Tbe  process  consists  in  letting  whale  oil 
(the  purity  of  which  is  not  essential,  since  very  inferior  oil 
answers  the  purpose)  fall  by  drops  into  an  iron  cylinder  placed 
horizontally  in  a  furnace,  and  ignited  to  a  cherry  rcdntn; 
From  each  wine  gallon  of  oil,  about  100  cubic  feet  ofg»* 
may  wiib  care  be  obtained,  of  the  specific  gravity  of  more  thta 
.900,  containing  upwards  of  40  per  cent,  of  gas  coudentibk 
by  chlorine,  and  of  which  100  volumes  consume  260  volmncs 
of  oxygen,  and  yield  158  of  carbonic  acid.     But  of  gisfrom 
Wigan  caouel,  when  the  whole  product  is  mingled  lugethcr, 
100  measures  do  not  saturate  more  than  155  of  oxygen,  and 
give  88  measures  of  carbonic  acid.     Oil  gas,  therefore,  froni 
this  document,  may  be  inferred  to  contain,  in  a  given  volnme, 
twice  the  quantity  of  combustiUc  matter  that  is  present  in  ibe 
average  of  gas  from  caiinel  coal;  and  its  illuminating  po'cr 
will  be  as  2  to  1 .     The  experiments  of  Mr.  Brande  led  hin 
to  conclude,  that  to  proiluce  tlic  light  of  ten  wax.  candles  foi 
one  hour^  there  will  be  required 

260O  cubical  inches  of  olcliant  gas 

4875 oil  gas. 

t3120 coal  gas. 

But  it  seems  probable  that  the  coal  gas,  employed  in  t1i(^ 
experiments,  was  below  the  general  standard,  nnd  that  il  i*  • 
fair  average  to  consider  I  volume  of  oil  gas  as  cquivaleol  1» 
2oratmo£t21  volumes  of  gas  from  coal  of  good  ijuslfi]'' 
This  estimate  agrees  with  the  experience  of  llie  lale  Mr- 
Creighton,  of  Glasgow,  author  of  the  excellent  article  '  G»» 
Lights,'  iu  the  Supplement  now  publishing  to  the  EDCjfJop- 
Britan.  Oil  gas  he  considers  as  superior,  in  an  etjual  volax^ 
lo  good  average  coal  gas,  in  the  proportion  of  oqIy  3  to  !• 
and  he  has  giveu  the  following  Table  of  the  comparative  t^' 
pence  of  lighting  with  these  two  gases,  and  with  oil  *^ 
lullow.  2 
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t.    ii 

Valuing  llic  quaittlty  of  light  wliicb  1  Jb.  of  tallow 

^ves  in  oiiidles  at 1     0 

An  equal  cjuantity  of  light  from  §perin.  oil  con- 
sumed in  an  Argand's  lamp,  will  cost   0     6\ 

Do.  fi'om  wliale  oil  gas > O     4^- 

Do.  from  coal  gas , 0     3} 

Twenty  cubic  feet  of  coal  gas,  or  ten  of  oil  gas,  he  con- 
siders as  equivalent  to  a  pound  of  tallow,  and  5000  grains  of 
good  sperm,  oil  to  7O0O  of  tallow,  or  lib.  avoirdiipoii. 

The  advantages  of  oil  gas  over  gas  from  coal  are,  tliat  * 
smaller  distilling  vessels  are  required;  that  gazometers  and 
conduit  pipes  of  half  the  capacity  arc  suffictent;  that  ;io 
washing  apparatus  is  necessary ;  that  the  trouble  and  expence 
of  removing  woste  materials  is  avoided;  and  that  the  gas 
affords  a  much  brighter  light,  and  with  a  smaller  production 
of  heat,  and  also  of  water.  When  only  a  moderate  quantity 
of  light  is  required;  when  it  is  an  object  to  save  room  or 
labour ;  and  in  countries  where  coal  is  dear,  oil  gas  is  entitled 
lo  a  decided  ((reference ;  but  it  cannot  be  brought  into  comix;- 
lition  with  coal  gas,  where  coal  is  cheap,  or  where  the  eaia- 
blishmenis  to  be  lighted  are  of  very  considerable  magnitude, 
and  of  such  a  nature  as  to  allow  of  their  being  freely  ventilated. 

Of  the  comparative  value  of  diflerent  compounds  of  hydro- 
gen and  charcoal  tor  the  purpose  of  illumination,  it  still  ap- 
pears to  me  that  the  only  accurate  test  is  the  one  which  I  pro- 
posed in  Nicholson's  Journal  for  ISC'!,  viz.  the  quantities  df 
oxygen  gas  required  to  saturate  ecjual  volumes.  If  100  mea- 
sures, for  instance,  of  one  gas,  require  for  perfect  combus- 
tion 100  measures  of  oxygen,  and  100  measures  of  another 
gas  take  200  of  oxygen,  the  value  of  the  second  will  be  double 
that  of  the  firsL  Specific  gravity,  diough  a  guide  to  a  certain 
t-'xtent,  is  not  a  sutticient  one,  for  the  weight  of  a  gas  may  be 
owing  lo  a  large  proportion  of  carbonic  oxide,  which  is  ca- 
pable of  giving  out  only  a  very  small  quantity  of  light.  Pho- 
tometricul  experiments,  also,  appear  to  me  to  require  greater 
perfection  in  the  instruments  thai  have  been  invented  for  that 
purpose,  before  we  can  implicitly  trust  lo  results  obtained  by 
their  means;  but  there  can  be  no  fallacy  in  the  combustion 
of  thaee  gaw  by  oxygen,  if  conducted  willi  ordinary  care, 
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and  especially  if,  in  each  instance,  an  average  be  taken  of  Iwo 
or  three  trials,  which  need  not  occupy  more  than  a  ftw 
minutes.  Nor  can  it  admit  of  a  doubt  th^t,  other  drcum- 
stanccs  being  equal,  tlie  brilliancy  of  light,  evolved  by  the 
combustion,  of  gases  which  are  constituted  of  purely  inflam- 
mable matter,  will  bear  a  proportion  to  their  densities  per- 
haps even  a  greater  proporlion  llian  one  strictly  erilhai^ 
tical;  because,  while  by  the  combustion  of  denser  gases  • 
higher  temperature  is  produced,  the  cooling  agencies  remsip 
the  same.  It  is  probable,  therefore,  that  of  two  gases,  con^ 
posed  of  the  same  ingredients,  that  which  has  a  double  densirf 
will  afford  sonicwhnt  more  tlian  a  double  quantity  of  light. 

Art.  *, — On  the  Fire  Damp  of  Coal  Mines,  and  the  Oitutnu- 
tion  ami  Principle  of  the  Snfehj-Lamp  of  Sir  H.  Davy. 

Hie  (ire-damp  of  coal  mines,  by  an  analysis  of  it  which  I 
published  in  1806,  was  shown  to  be  identical  in  coBipositMo 
with  light  carbureted  hydrogen.*  This  conclusion  coincide* 
with  the  subsequent  results  of  Sir  H.  Davy,  who  has  eiilargiid 
our  knowledge  of  the  chemical  history  of  the  fire-dampt  bj 
several  important  facts,t  and  has  been  led,  by  an  iagenboi 
and  happy  chain  of  reasoning,  to  a  discovery  most  impoftitf 
to  the  interests  of  humanity.  The  most  readily  cxpiou** 
mixture  of  fire-damp  with  common  nir  he  Ibuiid  to  be  oM 
measure  of  Uie  inflammable  gas  to  seven  or  eight  of  air.  Tbc 
mixture  was  not  capable  of  being  set  un  fire  by  charcoal  il 
a  state  of  active  combustion,  nor  by  iron  ignited  to  •  >*d 
or  even  to  a  white  heat,  except  when  in  a  slate  of  hrilli*Dl 
combustion;  in  which  respects,  the  fire-damp  differs  frMn 
other  combustible  gases. 

It  was  in  attempting  to  measure  the  expansion,  occastoa^i 
by  the  combustion  of  a  mixture  of  tire-damp  and  sir,  ihat  Sir 
H.  Davy  discovered  a  fact,  which  afterwards  led  him  totl>' 
most  novel  and  important  results.  An  explosive  mixtjre 
could  not,  he  ascertained,  be  ktmlleil  in  a  glass  lubu  so  ntirot 
as -^  of  an  inch  diameter;  and  when  two  separate  menwn 
of  an  explosive  mixture  were  connectetl  by  n  metallic  ioit, 
^  of  an  inch  diameter  and  I ',  inch  In  length,  and  one  of  <h* 
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portions  of  gas  was  set  on  fire,  the  explosion  did  not  extend 
to  the  other.  Fine  wire  sieves  or  wire  gauze,  interposed 
between  two  separate  quantities  or  an  explosive  mixture,  were 
also  found  to  prevent  the  comliiistion  of  one  portions  from 
spreadinfr  to  the  other.  A  mixture  of  fire-damp  and  air,  in  ex- 
plosive proportions,  was  deprived  of  its  power  of  exploding,  by 
the  addition  of  about  |  its  bulk  of  carbonic  acid  or  nitrogen  gas. 

Re6ection  on  these  facts  suggested  to  Sir  H,  Davy  the  pos- 
sibility of  constructing  a  lamp,*  in  which  the  flame,  by  being 
supplied  witli  only  a  limited  cjuantity  of  air,  might  produce 
carbonic  acid  and  nitrt^n,  in  such  proportion  as  to  destroy 
the  combustibility  of  explosive  mixtures;  and  which  might, 
also,  by  (he  nature  of  its  apertures  for  giving  admittance  and 
exit  to  the  air,  be  rendered  incitpable  of  spreading  combus- 
tion to  the  surrounding  atmosphere,  supposing  this  to  be  an 
inflammable  one. 

This  most  desirable  object  was  accomplished  by  the  use  of 
air-tight  lanterns,  su|>plied  with  air  through  tubes  or  canals 
of  small  diameter,  or  through  apertures 
covcre<l  with  wire  gauze  below  the  flame, 
and  having  a  chimney  at  the  upper  part  on 
a  similar  system,  for  carrying  off  the  foul 
air.  The  apparatus  wiw  afterwards  simpli- 
fied by  covering  or  surrounding  the  flame 
of  a  lamp  or  candle  with  a  cylindrical  wire 
etcve,  having  at  least  G25  apertures  in  a 
square  inch.  (Sec  the  sketch.)  Within  this 
cylinder,  when  the  fire  damp  encompasing 
it  is  to  the  air  ns  I  to  12,  the  flame  of  the 
wick  is  seen  snrroundwl  by  the  feeble  blue 
flame  of  the  giis.  When  the  proportion  la 
as  I  to  6,  C,  or  7,  the  cylinder  is  filled  witli 
the  finnie  of  the  fire-damp  ;  but  though  the 
wire  gauze  becomes  red-hot,  the  exterior  air, 
even  when  explosive,  is  not  kindled.  The 
lamp  is  tlierotbre  safe  in  the  most  dangerous  atmospheres,  and 

•  A  full  hislorv  of  ihe  Safety  Lamp,  and  of  llie  diemicul  reMarchcs  con- 
nected wilh  it,  has  been  publishtil  b;  Sir  H.  Davj,  Bio.  piiiited  for  R. 
Hunter,  IStS.  In  llie  I'liil.  Mag.  I.  ;t87,  a  diic>iineDt,  dImi,  may  be  found 
which  fullj  estdblit  bet  hii  ctoim  [o  ibe  priority  of  the  inveniion. 
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lias  been  used  most  extensively  in  tlic  mines  of  Whiteluwcn, 
Newcastle,  and  otlier  places,  without  the  occurrence  of  a  single 
fttilure  or  accident. 

The  effect  of  the  safety-lamp  depends  on  the  cooling  agcogr 
of  the  wire  gauze,  exerted  on  the  portion  of  gas  burning  within 
the  cylinder.     Hence  a.  lamp  may  be  secure,  where  there  is 
no  current  of  tin  exglosivc  mixture   to   occasion    its  being 
strongly  heated;  and  yet  not  safe,  when  the  current  paas 
through  it  with  greaC  rapidity.     But  any  atmosphere,  baW'    i 
ever  explosive,  may  be  rendered  harmless,  by  increasing  tbg    | 
cooling  surface;  which  may  be.done,  either  by  diminishing  tie 
size  of  the  apertures,  or  by  increasing  their  depth,  both  of 
which  are  perfectly  within  the  power  of  the  manufacturer  of 
Uie  wire  gau2e. 

When  a  small  coil  of  platinum  wire  is  hung  above  the  wick  ; 
of  ilic  lamp  within  the  wire  gauze  cylinder,  the  metal  coo- 
linucE  to  glow,  long  afler  the  lamp  is  extinguished,  and  aSdtii 
light  enough  to  guide  the  miner  in  what  would  olherwiMU 
impenelrablc  darkness.  In  this  case,  the  combustion  of  the 
fire  dump  b  continued  so  slowly,  and  at  so  low  a  temperature, 
ns  not  to  be  adequate,  to  (hat  ignition  of  gaseous  matter  which 
constitutes  (inine,  though  it  excites  n  temperature  !>ufliciciit  lo 
render  platinum  wire  luminous.  A  similar' ignition _of  pli* 
tinum  wire,  it  lias  been  found,  may  be  supported  for  inuiy 
hours,  by  surrounding  the  flame  of  a  spirit  lamp  with  inull 
coils  of  that  metal),  not  exceeding  ^^  of  an  inch  in  diamcter- 
Twclve  coils  of  th's  wire,  twisted  spirally  round  the  tube  of* 
tobacco-pipe,  or  round  any  thing  that  will  render  the  colli 
about  -^V  of  an  inch  In  diameter,  arc  to  surround,  six  tlM 
wick  of  the  lamp,  and  six  to  remain  elevated  above  llie  wt 
The  wick  should  be  small,  and  quite  loose  in  the  burner  of  the 
lamp ;  and  the  fibres  of  the  cotton,  surrounded  by  the  coil, 
should  belaid  as  straight  as  possible.  When  the  Umpi  i^' 
being  lighted  for  a  few  moments,  is  blown  out,  the  plHtinon 
wire  continues  to  glow  for  scvera)  hours,  as  long  as  there  i>  ■ 
supply  of  spirit  of  wine,  and  to  give  light  enough  tu  rvadbfi 
and  sometimes  the  heat  prmhice*!  is  sufficient  to  re-kimlic  tlw 
lAinp  spontaneously.* 
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SECTION  III. 

ogen  wUh  Phosphorus. — Phosphureled  Hydrogen  Gas. 

eating  solid  phosphorous  acid  out  of  the  contact  of  air, 
quantity  of  elastic  fluid  is  generated,  which  may  becol^ 
ly  a  proper  apparatus,  and  has  characteristic  properties, 
ing  to  Dr.  Thomson,  the  same  gas  may  also  be  formed 
>sing  bi-phosphureted  hydrogen  to  the  direct  rays  of 
,  which  occasions  the  precipitation  of  part  of  the  phos- 

IS  a  disagreeable  smell,  but  is  not  so  offensive  as  bi- 
nreted  hydrogen.      It  does  not  bum  spontaneously, 
irought  into  contact  with  air,  but  detonates  violently 
leated  with  oxygen  to  about  300^  Fahrenheit;  or  when  a 
e  of  the  two  gases  is  rarefied  by  diminished  pressure.* 
odes  in  chlorine  with  a  white  flame.     Water  absorbs 
y  its  volume.     Its  specific  gravity  was  found  by  Sir  H. 
»  be  to  that  of  hydrogen  as  12  to  1,  or  to  air  as  0.87  to 
gave  it  the  name  of  hydro-phosphoric  gasy  but  he  has 
idopted  that  of  phosphurcted  hydrogen.    Dr.  Thom- 
:ertained  its  specific  gravity,  air  being  1,  to  be  0.9G6S, 
:  has  proposed  for  it  the  name  of  bi-hydroguret  of  phos-- 
By  a  calculation  founded  on  the  proportion  of  its 
its,  its  true  specific  gravity  should  be  0.9722. 
issium  doubles  its  volume,  and  the  residue  is  pure  hy- 
I.      Sulphur   occasions  the  formation  of  sulphuretcd 
ifSDf  equal  in  volume  to  twice  the  original  gas.     Three 
if  it  in  volume  condense  more  than  five  of  oxygen ;  or,  ac- 
g  to  Dr.  Thomson,   1   volume  requires  2  volumes  of 
1  for  complete  combustion,  one  volume  of  which  goes 
•  saturation  of  the  hydrogen,  and  the  remaining  vo- 
unites  with  the  phosphorus.     In  this  case  phosphoric 
I  formed.     If  only  1:^^  vol.  of  oxygen  be  used,  phos- 
us  acid  is  produced.      One  in  volume  absorbs  four 
irine.     It  appears  to  be  constituted  of  two  atoms  of  hy- 

*  *  6  Ann.  de  Chiin.  et  Phy«.  304. 
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Orogcn  and  one  nfphosphorus ;  and  the  hydrogen  in  it  is  con- 
densed into  half  its  bulk.  In  that  case  the  weight  of  it*  bIocd 
will  be  2  +  12  =  I*. 

Its  formntioi)  appears  to  be  owinj;  to  the  decomposition  of 
water,  the  oxj-gen  of  which,  with  pnrt  of  the  phosphorous  acid, 
ibrms  phosphoric  acid,  white  the  hydrogen,  dissolving  the  ex- 
cess of  phosphorus  existing  in  another  portion  of  pliosplu 
acid,  composes  the  peculiar  gas. 


Bi-phoiphiirPled  Hydrogm  Gas. 


>plu«^ 


I.  This  gas  maj'  be  procured,  by  boiling,  in  a  n*>rl,  s 
little  phofif^rus  with  a  solution  of  pure  potash,  or  by  throw- 
ing into  water,  acidulated  with  muriatic  acid,  and  contained  io 
a  retort  or  gas  boitle,  a  few  lumps  of  phosphuret  of  lime  (stc 
chap.  ix.  §  4)  ;  or,  indeed,  simply  by  the  action  of  the  latter 
compound  upon  water.  The  water  is  decomposed;  itsoxygtn, 
uniting  with  the  phosphorus,  forms  phosphoric  ncid,  which 
combines  wldi  the  alkali,  while  the  hydrogen  dissolves  anollifr 
portionof  phosphorus,  constituting  bi-phosphurcted  hydr<ipen 
gas,  or,  as  Dr.  Thomson  terms  it,  hydroguret  of  phoiphcrui- 
This  gas  may  also  bo  obtoined,  by  pulling  into  five  parU  of 
water  half  a  part  of  phosphorus,  cut  into  very  small  piece, 
with  one  of  finely  granulated  zinc,  and  adding  three  pwlt 
of  strong  sulphuric  acid.  This  afforils  an  amusing  ex pcri' 
ment.  The  gas  is  disengaged  in  small  bubbles,  which  corer 
the  whole  surface  of  the  fluid,  and  take  fire  on  reaching  ihc 
mir;  these  are  succeeded  by  others,  and  a  well  of  fire  is  )iru- 
duccd.     (Davy.) 

In  preparing  ihls  gES  from  pjiosphorus  and  solution  of 
potash,  for  exhibiting  its  spontaneous  aecension,  both  ihc  body 
and  neck  of  the  retort  should  be  entirely  filled  with  the  lolii- 
tior,  which  Dr.  Coxe,  of  Philadcljihia,  recommends  to  be 
almost  boiling  hot.  He  employs  a  retort  holding  from  hntf » 
pinttoapint;  andaflcr  introducing  both  the  phoephonu ami 
the  solution,  fixes  its  neck  on  an  inclined  plane  fbrmvil  ^ 
«  block  of  wood,  the  upper  extremity  of  which  is  ovrrbuivb)' 
the  body  of  ibe  retort,  while  its  mouth  projects  over  the  kiwcf 
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d,  ud  is  dipped  iato  r  small  bowl  filled  vith  a  hot  soliiti<Hi 
potMb,  n  mprmoited  in  tbe  %ure,    ITie  gaij  estiictted 


the  flame  of  a  lamp,  accsmulotes ;  and,  ibrcing  tbe  albdinc 
lotion  down  the  neck,  at  length  escapet,  through  tlie  hot  to- 
ioo  in  the  bowl,  into  tbe  air,  where  it  Inflames.  Should  the 
It  ilacken,  and  ao  absorption  ensu^  nothing  passes  into  the 
ort  bat  tbe  hot  solution  of  alkali  from  the  bowl ;  and  this, 
die  retort  is  secured  from  being  displaced,  does  no  harm. 

this  way,  a  torrent  of  gas  may  be  kept  up,  as  long  as  there 
mins  fufficient  of  the  solution  in  the  retort ;  and  aU  danger 
fcreakiog  the  retort  is  avoided. 
|L  The  pr<^)erties  of  this  gas  are  the  following : 
(a)  It  taJies  fire  immediately  on  coming  into  contact  with 
e  atmosphere.  This  may  be  shown  by  letting  it  escape  into 
e  lur,  as  it  issues  from  the  retort,  when  a  very  beautiful  ap- 
anuice  will  ensue.  A  circular  dense  white  smoke  rises  in 
e  fonn  of  a  horizontal  ring,  which  enlarges  its  diameter  as 
ascends,  and  forms  a  kind  of  corona.  The  gas  produces 
•0  a  flash  of  light,  when  admitted  into  the  best  vacuum  that 
n  be  made  by  an  air  pump. 

{b)  When  mixed  suddenly  with  oxygen  gas,  it  detonates. 
*K  measure  requires  I^  of  oxygen  for  complete  saturation; 
nd  the  product  is  phosphoric  acid.  It  may  also  be  combined 
illi  an  equal  volume  of  oxygen,  and  the  product  is  then  phoa- 
horous  acid.  This  experiment  should  be  made  cautiously, 
od  in  small  quantity.  But  in  a  lube  only  three-tenths  of  an 
Mil  jn  diameter,  the  mixture  dues  not  detonate. 

(c)  The  same  phenomenon  ensues  on  mixing  it  with  chlo- 
■e  gas,  or  with  nitrous  oxide.  Three  volumes  of  chlorine 
t  condensed  by  otic  of  lii-phosphureted  hydrogen  ;  and  the 
xiducts  are  muriatic  acid  aud  per-chloride  of  phosphorus. 
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When  1  vol.  of  bt-phosphuretetl  hydrogen  is  mixed  vitfa  3 
of  nitrous  oxide,  and  an  electric  spark  passed  tbro;^h  the 
mixture,  there  remain  after  detonation  3  vols,  of  nitrogen. 
Hence  tlie  pliosphureted  hydrogen  has  in  this  case  combined 
with  1 ;-  volume  of  oxygen. 

When  fired  with  a  similar  proportion  of  nitrous  gas,  there 
remains  only  H  volume  of  nitrogen;  and  as  nitrous  gas  con- 
tains half  its  bulk  of  oxygen,  the  bi- pliosphureted  hydrogen 
must  have  combined  with  Ij-  volume  of  oxygen  as  before. 

When  mingled  with  any  of  these  gases,  it  should  be  pasted 
up  by  not  more  than  a  bubble  or  two  at  once. 

{(/)  Sulphurous  acid  and  bi-phosphureted  hydrogen  gasa, 
when  mingled  together,  mutually  decompose  each  other. 

(e)  It  deposits  phosphorus,  by  standing,  on  the  inner  sdt- 
fiicc  of  the  receiver,  and  loses  its  property  of  sponlaneout 
accension,  its  volume  remaining  the  same.  It  is,  also,  ileconi- 
posed  by  electricity,  without  any  change  of  volume. 

(J')  Its  specific  gravity  is  very  variable.  Sir  H.  Dovyhai 
obtained  it,  from  phosphorus  and  alkaline  lixivia,  of  all  ^ 
cific  gravities  from  .400  to  ,700  ;  Mr.  Dalton  states  It  at  .850, 
air  being  1.000,  and  Dr.  Thomson  at  .902.2.  The  (luantll; 
absorbed  by  water  is  fixed  by  the  former  at  ^i,  its  bulk,  inJ 
by  the  latter  at  ■^.     Dr.  Thomson  makes  it  -^. 

(g)  Two  measures  of  the  gas  heated  with  potassium  becoaf 
three,  and  phosphuret  of  potassium  is  formed. 

(/j)  When  iodine  is  heated  in  bi-phospharctcil  hydrc^. 
iodide  of  phosphorus,  and  probably  hydriodic  acid,  arc  formn'. 

From  all  that  is  known  respecting  this  variety  of  pbM- 
phurcted  hydrogen,  it  may  be  inferred  to  consist  of  1  nlotn  of 
hydrogen  +  1  atom  of  phosphorus;  and  the  weight  ofiB 
atom  will  be  represented  by  1 3. 

We  have,  therefore,  two  compounds  of  phosphorus  ondS 
drogen,  viz. 

Phosplmreteil  hydr.,  or  "1  _  /2  vols,  ofhydr.  "1  c 

Bi-hydroguret  of  pliosp,  /       \I  vol.  ofphosp.  /into  I  «'- 

1  condcitfC'' 


Hy, 


i-phosphuretcd  hydr. 
Irogurct   of  pliosp 


"}  =  {1 


vol.  of  pboap.J  into  1  ^ 


And  if  the  »pocilic  gravily  of  the  vajwur  of  plK 
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correctly  assumed  at  0.8328,  and  iljat  of  hydrogen  at  0.0C90, 
it  is  easy  to  estimate  what  should  be  the  specific  gravity  of 
both  those  gases  in  a  pure  stale.  As  the  first  gas  consists  of 
1  atom  of  phosphorus  +  2  of  hydrogen;  and  the  second  of  I 
of  phosphorus  +  1  of  hydrogen,  it  must  be  admitted  that  Ihe 
namea  bi-hydroguret,  proposed  by  Dr.  ThoiuEon  for  the  first, 
and  bydroguret  for  the  second,  are  more  appropriate  tliau 
those  which  have  hitherto  been  in  use. 

The  existence  of  diflferent  varieties  of  phospliureted  hy- 
drt^n  bos,  however,  been  denied  by  Mr.  Dalton,  whose  ex- 
periments have  led  him  to  the  conclusion,  that  the  apparent 
<]ivcrsities  of  composition  arc  occasioncil  by  the  admixture  of 
various  proportions  of  free  liydrogen  and  phosphureted  hy- 
drogen. These  two  gases  admit,  he  finds,  of  separation  iiy 
liquid  chloride  <rf  lime,  which  absorbs  the  phosphureted  hy- 
drogen, and  not  simple  hydrogen. 

One  volume  of  phosphuretcil  hydrogen,  in  n  pure  state,  re- 
quires, according  to  Dalton,  two  volumes  of  oxygen  for  sa- 
turation. When  electrified  per  se,  it  is  expanded  one-third 
of  its  volume.  It  is  absorbed  by  eight  times  its  bulk  of  water. 
When  two  parts  are  mixed  w'th  five  of  nitrous  gas.  and  an 
electric  spark  is  passed  through  the  mixture,  a  brilliant  ex- 
plosion takes  place ;  and  the  results  arc  phosphoric  acid  and 
water,  and  nitrogen  gas,  less  in  bulk  by  2  or  3  per  cent,  than 
balf  the  volume  of  the  nitrous  gas.* 


SECTION  IV. 

Hydrogifii  with  Sulphur. 

Sulpkrirclfd  Hydrogen  Gas. 

SuLniURKTEn  hydrogen  gas,  though  known  to  RoucIIc, 
was  first  investigated  by  Schecle  in  1777;  and  afterwards  by 
Bergman,  Kirwan,  Berthollet,  Chaussier,  Davy,  and  Gay 
Lussac  and  Thcnard.  It  may  be  formed  by  repeatedly  sub- 
liming sulphur  in  hydrogen  gas ;  but  this  process  is  of  little 
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UBe,  except  to  prove  its  nature  by  direct  syntliesits  for  it  l»fl 
possible  thus  to  convert  nearly  the  wliole  of  nny  qunntit;  of 
hydrogen  into  the  compound  gas.  For  tlic  purposes  of  ex- 
periment, it  may  bo  procured  by  any  one  of  the  (bllowing 
methods;  but  the  fiftli  is,  perhaps,  on  the  whole,  llie  best, 

1.  By  the  action  ot'dilutcd  sulphuric  acid  on  sulphuret  of 
iron,  prepared  in  the  following  manner.  A  bar  of  iron  is  to 
be  heated  to  a  white  or  welding  heat  in  a  smith's  forge,  nml, 
in  thii  state,  is  to  be  nibboil  with  a  roll  of  sulphur.  Tlio  me- 
tal and  sulphur  unite,  and  form  a  liquid  compound,  wliictt  &iIU 
down  iu  drops.  These  soon  confjcal;  and  the  conipotii>d 
must  be  preserved  in  a  well-closed  phial. 

The  sulphuret,  prepared  by  melting  iron  filings  v'nh 
solpliur  in  a  crucible,  docs  not  answer  the  purgHwe  equally 
well,  because  the  gas,  which  it  aSbrds,  is  mixed  u-iih  a  good 
deal  of  hydrogen  gas. 

S.  Gay  Lussac  prepares  sulphuict  of  iron,  by  introducinft 
into  a  matrass  two  parts  by  weight  of  iron  hiings  and  one  of 
flowers  of  sulphur.  To  these,  water  is  added  in  sufScient 
quantity  to  give  a  thickish  contiistence ;  and  the  matrass  ii 
heated  a  little,  to  favour  the  combination,  which  is  indicatol 
by  a  copious  disengagement  of  heat,  aud  by  the  whole  auun 
assuming  a  black  colour.  From  this  compound,  sulphuric 
acid,  diluted  with  four  times  its  volume  of  water,  scporain 
sulphureted  hydrogen  in  great  abundance.  It  is  better  to  pr^ 
pare  the  compound  when  wanted,  than  to  keep  it  ready  made, 
because,  unless  very  carefully  preserved  from  contact  with  the 
air,  it  becomes  less  fit  for  the  purpose  of  affording  gas.* 

4.  The  sulphuret  of  potash.  If  prepared  by  boiling  flowers 
of  sulphur  with  liquid  potash  quite  free  from  carbonic  acid, 
gives  pure  sulphureted  hydrogen,  when  acted  upon  by  dilated 
sulphuric  or  muriatic  acid. 

5.  To  a  mixture  of  powdered  sulphuret  of  antimony  (cnide 
antimony  of  the  shops)  with  5  org  times  its  weight  ofmorl* 
atic  acid  (sp.  gr.  1.160  or  thereabouts)  contained  in  a  rett>rt 
or  gas  bottle,  apply  the  heat  of  a  lamp.  Sulphureted  hydro- 
gen will  be  disengageil  in  great  abundance. 


II  'It  Chim.  ct  Plijs,  vti.ar*. 
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WhidiefW  of  Ibese  processes  be  followed,  it  is  acWisabk^ 
aft  tbe  ga»  is  absorbed  quickly  by  standing  over  water,  to  ra*- 
ccJuii.  it  ineo  boltles  provided  with  glass  stoppers,  and  after 
fiUing  theniF  entirely  with  the  gas,  to  introduce  the  stopper* 
IL  Its  properties  are  the  following: 

(a)  Its  snieil  is  extremely  ofiensive,  resembling  tliac  of  pu- 
trefying eggs,  or  of  the  washings  of  a  gun  barrel,  to  which  in-' 
deed  it  imports  their  offensive  odour. 

{t)  It  appears  to  be  one  of  the  most  unrespirable  of  ail  tlie 

gascSj  tar  a  small  bird  died  immediately  in  air  containing  only 

ni^4  of  its  volume  of  sulphureted  hydrogen  ;  a  dog  perished 

in  air  mingled  with  ^f? »  <^"^  *  horse  in  air  containing  -t^-. 

(Thenard,  i.  729.) 

(c)  It  is  inflammable,  and  burns  either  silently  or  with  air 
eiplosioii,  according  as  it  is  previously  mixed,  or  not,  with 
siygen  gas  or  atmospheric  air.  During  this  combustion, 
liter  results  from  the  union  of  the  hydrogen  with  the  oxygen, 
nd  sulphurous  acid,  with  a  little  sulphuric  acid,  from  that  of 
the  oxygen  and  sulphur.  Two  measures  require  three  of 
Mygen  gas,  one  measure  of  which  saturates  the  hydrogen, 
aad  two  the  sulphur. 

(d)  It  tarnishes  silver,  mercury,  and  otiier  polished  metal% 
sad  instantly  blackens  white  paint  and  solution  of  acetate  of 
lesd.  By  direct  experiments,  I  have  found  that  one  measure  of 
this  gas,  mixed  with  20,000  measures  of  hydrogen,  or  of  carbu- 
reted hydrogen,  or  common  air,  produces  a  sensible  discolo- 
ration of  white  lead,  or  of  oxide  of  bismuth,  mixed  witli  water 
and  spread  upon  a  piece  of  card.     In  this  way  we  may  ascer- 
tain the  presence  in  coal  gas  of  extremely  small  quantities  of 
sulphureted  hydrogen ;  and  may  even  form  a  tolerable  esti- 
mate of  its  proportion,  when  too  minute  to  be  otherwise  meaF- 
^tmd,  by  comparing  the  shade  of  colour,  with  a  series  that  has 
ben  prepared  for  the  purpose,  by  exposing  slips  of  card  co- 
ffered with  white  lead  and  water  to  mixtures  of  sulphureted 
b;dtogen  and  common  air  in  known  propoitions. 

(e)  Sulphureted  hydrogen  is  absorbed  by  water,  which  takes 
^its  own  bulk,  or  according  to  Saussure  twice  and  a  hal(  or 

1^  Gay  Lussac,  three  times,  its  bulk  of  the  gas ;  but  in  or^ 
^cr  to  obtain  so  considerable  an  absorption,  the  gns,  submitted 
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to  experiment,  should  be  pei-fectly  free  from  common  liydro- 
geh.  Water  thus  saturated  acquires  the  jjeculiar  smell  of  ihe 
gas.  It  is  this  gas  which  gives  to  the  Harrogate,  aod  some 
other  natural  waters,  their  disagreeable  odour.  Liquid  mu- 
riatic acid  absorbs  at  least  tliree  times  its  volume  ol  the  gas ; 
and  sulphuric  acid,  diluted  with  an  equal  weight  of  water,  once 
and  a  half  its  volume, 

{_/)  Water,  saturated  witli  tliis  gas,  reddens  the  infusion  of 
violets,  in  this  respect  producing  the  effect  of  an  aciil.  From 
thia  and  other  properties,  some  of  the  German  chcniiats  haw 
proposed  for  it  the  name  of  ht/drolkionic  acid  ■  and  Gay  Lussac 
Las  given  it  the  very  objectionable  name  of  hydro'sulpkurit 
acid,  a  term  which  would  be  much  more  properly  applied  to 
liquid  sulphuric  acid. 

(g)  Water  impregnated  with  sulpliureted  hydrogen,  when 
exposed  to  the  atmosphere,  becomes  covered  witli  a  pcUicIc  of 
sulphur.  Sulphur  is  even  deposited  when  the  water  is  Vt\A 
in  well-closed  bottles, 

(A)  On  the  addition  ofa  few  drops  of  nitric  ornitrousaciJ 
to  the  watery  solution,  sulphur  is  instantly  precipitated.  lo 
this  case  the  oxygen  oftlieacid  combines  with  tlic  hydm^ 
of  the  gas,  and  the  sulphur  is  separated.  The  gas  itself,  aW 
is  decomposed  when  transmitted  through  sulphuric,  nitric, « 
arsenic  acids.* 

(i)  Sulphureted  hydrogen  is  decomposed  by  mixture  wiiii 
chlorine,  which  seizes  the  hydrogen,  and  sulphur  i«  pnxipi- 
tated.  Vogel  obtained,  also,  a  liquid,  analogous  to  the  clili>- 
ride  of  sulphur  of  Dr.  Thomson.  Iodine  decomposes  it,  anJ 
hydriodic  acid  is  formed. 

(i]  It  is  decomposed,  also,  when  long  kept  in  a  state  of 
mixture  with  atmospheric  air,  the  oxyf;cn  of  wliich  combinn 
with  the  hydrogen,  and  forms  water,  while  the  »ulphur  iipf^ 
cipitatcd. 

(/}  A  succession  of  electric  explosions  throws  down  sulpbv 
from  it,  and  the  volume  of  the  gas  remains  unaltered,  A  sioiQu 
cfiectis  produced  by  passing  it  through  an  ignited  pared*"' 
tube,  but  it  cannot  in  this  way  be  entirely  dcconipo«cd.    ^_J 
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dements  are  also  disunited  by  exciting  vivid  ignition,  by  vol- 
taic dectrid^,  in  platina  wires  surrounded  by  it ;  sulphur  is 
depositedj  and  an  equal  volume  of  hydrogen  remains. 

(«)  It  b  decomposed  when  passed  over  ignited  charcoa], 
sod  is  converted  into  carbureted  hydrogen  gas. 

(«)  Sulphureted  hydrogen,  both  in  the  state  of  a  gas  and  of 
wsteiy  impregnation,  precipitates  all  metallic  solutions,  ex- 
cepting those  of  iron,  nickel,  cobalt,  manganese,  titanium,  and 
molybdenum. 

(o)  It  is  copiously  absorbed  by  alkalies,  and  by  all  the 
evtlis^  excepting  alumina  and  zirconia.  This  property  affords 
a  Ridy  mediod  of  ascertaining  its  purity,  for  if  it  be  agitated 
with  a  solution  of  potash  by  means  of  the  apparatus  represented 
fig.  90  or  21,  the  unabsorbed  residue  will  show  the  amount  of 
the  imparity,  which  is  commonly  hydrogen  gas.  Its  alkaline 
and  earthy  combinations  are  termed  hydro-sulphurets.  It 
unites  with  an  equal  volume  of  ammoniacal  gas,  or,  if  trans- 
autted  through  the  watery  solution  of  that  gas,  it  is  rapidly 
abKnrbed,  and  the  compound,  which  is  very  useful  as  a  che^ 
nicsl  test,  has  a  yellow  colour  and  a  strong  smell  of  sulphu' 
leted  hydrogen. 

(p)  When  three  volumes  of  sulphureted  hydrogen  gas,  and 
two  volumes  of  sulphurous  acid  gas,  both  dry,  are  mixed  to- 
gether over  mercury,  they  are  entirely  condensed  into  a  solid 
body,  which  adheres  firmly  to  the  inside  of  the  vessel.  This 
rintsnce  is  of  an  orange  yellow  colour.  Its  taste  is  acid  and 
hoty  and  it  leaves  a  permanent  impression  on  the  mouth. 
When  perfectly  dry  it  does  not  change  litmus  paper;  but 
nddens  it  immediatelv  when  moistened.  Water,  alcohol, 
iiitric  acid,  and  sulphuric  acid,  decompose  it,  and  disengage 
solphar.  It  does  not  precipitate  the  watery  solution  of  ba- 
stes. It  is  decomposed  at  a  moderate  heat,  and  pure  sulphur 
i^onains.  Dr.  Thomson,  who  discovered  this  compound, 
considers  it  as  an  acid,  and  terms  it  hydro-sulphurous  add. 
He  states  it  to  be  constituted  of  5  atoms  of  sulphur  -f  4  atoms 
ofoiygen  +  3  atoms  of  hydrogen.  (Ann.  of  Phil.  xii.  441.) 

(9)  When  potassium  or  sodium  is  made  to  act  on  sulphu- 
'^tBd  hydrogen  gas,  a  brilliant  combustion  takes  place;  a 
Quantity  of  hydrogen  gas  is  evolved,  precisely  equivalent  to 
^hat  which  the  same  weight  of  metal  would  have  separated 
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from  water ;  the  metal  loses  its  lustrr,  anc]  becomes  greyish, 
or  amber  coloured,  or  reddish ;  and  by  tlie  action  of  diluted 
muriatic  acid,  the  whole  of  the  sulphureted  hydrogen  is  r^ 
covered.  This  experiment  proves,  that  sulphureted  hydro- 
gen, and  consequently  sulphur,  contain  no  oxygen ;  for,  is 
that  case,  the  {wtassium,  having  had  its  affinity  for  oxygen 
partly  satisfied,  would  not,  after  being  acted  on  by  the  gas, 
evolve  the  original  quantity  of  sulphuretetl  hydrogen  from 
water.  All  that  appears  to  take  place,  during  the  combustion, 
is  the  combination  of  the  metal  with  sulphur,  the  liberation 
of  hydrogen,  and  the  formation  of  a  sulphurct  of  poiassiuin  or 
sodium,  which  disengages  from  water  exactly  as  much  hydro- 
gen, as  would  have  been  evolved  by  the  metal  in  its  sepsrotir 
State,  and  this  hydrogen,  while  in  a  nascent  state,  re-dissoli-o 
the  sulphur.  The  results  of  Sir  H.  Davy,  which  are  wjino- 
what  different  from  these,  are  satisfactorily  explained  by  Gar 
Lussac  and  Theuard.* 

(r)  The  specific  gravity  of  sulphureted  hydrogen  ga*  iiw 
been  variously  stated.  Mr.  Kirwan  found  100  cubic  inclict, 
at  60°  Fahrenheit,  aitd  30  inches  barometer,  to  weigh  St.!66 
grains,  which  makes  its  specific  gravity  1.124.  Sir  H.Da*'}' 
states  the  weight  of  the  same  (juaiitity  at  36.5  grains,  and  iu 
specific  gravity,  therefore,  at  1.196.  Gay  Lussac  andTbe- 
nard  determined  its  specific  gravity  to  be  1.1912  by  «peri" 
menti  or  1.1768  by  calculation;  and  100  cubic  inchei,s'> 
cording  to  the  Hrst  of  those  two  numbers,  should  weigh  S63i 
grmiu. 

The  latest  attempt  to  ascertain  its  specific  gravity,  it  diit 
of  Dr.  Thomson,  the  result  of  which  was  1.1788,  or,  morceo^ 
rcctly,  he  conceives,  1.180.  Hence,  100  cubic  inches  (bir- 
30,  therm.  60°)  would  weigh  35.89  grains.  To  dcterraiac  i" 
composition,  therefoic,  we  have  only  to  subtract  the  specific  I 
gravity  of  hydrogen  from  that  of  the  compound  gas,  and  <l)° 
remainder  will  show  the  weight  of  the  sulphur.     Thus  I 

Sp.  grav.  of  sulphureted  hydrogen  gas I. ISO  I 

-  of  hydrogen  gas 0.069 

l.lll 
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It  u  conslitdted,  therefore,  of  1  volume  of  the  vapour  of 
tnlphnr  ss  1  atom  (1.111)  +  1  vol.  of  hydrogen  gas  =  1 
atom  (0.069.)  But  the  numbers  0.069  and  1.111  are  in  the 
propordon  very  nearly  of  1  to  16,  which  gives  exactly  the 
flune  relative  weight  for  the  ultimate  particle  of  sulphur,  as 
that  deduced  from  the  composition  of  sulphuric  acid. 

Bi^sulphureted  Hydrogen. 

Tbit  compound  was  discovered  by  Scheele,  and  afterwards 
emninedby  Berthollet  (Ann.  de  Chim.  tom.xxy.)  It  is  ob^ 
funed  when  hydro-sulphuret  of  potash  (formed  by  boiling 
lowers  of  sulphur  with  liquid  potash)  is  poured,  by  little  and 
fittl^  into  muriatic  acid.  A  very  small  portion  only  of  gas 
CKipes;  and  while  the  greater  part  of  the  sulphur  separates^ 
one  portion  of  it  combines  with  the  sulphureted  hydrogen ; 
Mnimes  the  appearance  of  an  oil ;  and  is  deposited  at  the 
bottom  of  the  vessel.  Or,  dissolve  sulphur  in  a  boiling  solu- 
tion of  pare  potash ;  and  into  a  phial,  containing  about  -^  its 
opacity  of  muriatic  acid,  of  the  specific  gravity  1 .07,  pour 
about  an  equal  bulk  of  the  liquid  compound.  Cork  the  phiali 
ind  shake  it ;  the  hydrogureted  sulphur  gradually  settles  to 
the  bottom  in  the  form  of  a  brown,  viscid,  semifluid  mass. 
Iti  properties  are  the  following: 

1.  Its  taste  and  smell  resemble  those  of  putrid  eggs,  but  are 
lets  ofiensive.  Ite  precise  specific  gravity  is  unknown,  but  it 
ii  heavier  than  water,  and  descends  through  it.  It  is  inflam- 
mable, and  burns  in  the  air  with  a  smell  of  sulphurous  add. 

2.  If  gently  heated,  sulphureted  hydrogen  gas  exhales  from 
it;  the  bi-solphuret  loses  its  fluidity;  and  a  residue  is  lefty 
consisting  merely  of  sulphur. 

3.  It  combines  with  alkalies  and  earths,*  and  forms  with 
them  a  class  of  substances  called  hydrogureted  sulphurets. 

4.  It  is  constituted,  according  to  Mr.  Dalton^  of  two  atoms 
rf  sulphur  =  32,  with  one  atom  of  hydrogen,  and  is  repre- 
sented by  the  number  33.    It  consists  per  cent,  of 

Sulphur 96.75 

Hydrogen 3.25 

100. 
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There  nre,  therefore,  three  distinct  combinations  of  finlj 
sad  its  compounds  with  alkahes  and  eartlis.  The  first  con- 
sist, simply,  of  sulphur,  united  with  sn  alkaline  or  earlhjr 
base,  and  are  properly  called  sidphurets.  The  second  are 
composed  of  sulphurcted  hydrogen,  united  with  a  base,  and 
are  called  hi/dro-sulphurels.  The  third  contain  bi-sulphureted 
hydrogen,  attached  to  a  base,  and  constitute  kydrogm 
sulphur ets. 

The  pure  sulphurels  can  exist,  as  such,  only  in  a  dry 
for  the  moment  they  begin  to  dissolve  in  water,  a  decompi 
of  that  fluid  commences;  sulphureted  hydrogen  is  formed; 
and  of  this  a  part  is  disengaged,  while  another  part,  uniting 
with  an  additional  proportion  of  sulphur,  composes  bi-sal- 
phureted  hydrogen.  This  last,  uniting  with  the  base,  forms 
an  hydrogureted  sulphurcL  At  the  same  time,  it  has  been 
stated  by  Berlhollet,*  sulphuric  acid  is  com|Ki5ed,  by  the  ac- 
tion of  the  sulphur  on  the  oxygen  of  the  water.  This  I't"*- 
ever.  Gay  Lussac  has  shown,  takes  place  only  when  tlie  sul* 
phuret  has  been  formed  at  an  unnecessary  degree  of  heat,  anJ 
that  when  carefully  prepared,  at  a  heat  below  redness,  tlie?^ 
lution  of  an  alkaline  sulphuret  in  water  contains  sulphuruiu 
and  hypo-sulphurous  acids,  but  no  sulphuiic  acicL't'  T^*' 
snlphurets,  also,  being  partly  changed,  by  solution,  into  hy- 
drogureted Gulphurets,  the  aiTusion  of  an  acid  throws  down  ■ 
quantity  of  sulphur.  A  distinguisliing  character,  aUo,  of 
solutions  of  this  kind,  is,  thai  sulphur  is  precipitated  by  pasting 
through  them  sulphurcted  hydrogen  gas. 

According  to  Proust,  if  red  oxide  of  mercury  be  added  M 
solutions  of  the  kind  which  have  just  been  described,  ihetul- 
phureted  hydrogen  is  removed,  and  what  remains  is  a  pun 
liquid  sulphuret,  from  which  acids  precipitate  sulphur  oal]'i 
without  any  efTervescence. 

II.  The  hydrogureted  sulphurets  are  also  formed  by  boil- 
ing, along  with  a  sufficient  quantity  of  water,  the  alkalloc^  ttf 
eartty  base,  with  flowers  of  sulphur.  Thus  a  eolutloa  of 
pure  potash,    pure  soda,   or  of  baryta   or  strontia,  insj  l» 

*  Aou.  da  Cliim.  xiv.  33P,  96!). 
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changed  into  an  hydrogureted  sulphuret  To  prepare  the 
compound  with  base  of  lime,  the  powdered  earthy  mixed  with' 
sulphur^  may  be  boiled  with  a  proper  quantity  of  water,  and 
thesolation  filtered  or  cleared  by  subsidence.  One  hundred 
gmins  of  lime,  or  134  of  hydrate^  dissolve  about  215  of  sul- 
phnr,  and  afibrd  a  liquid  of  1  .HS  specific  gravity. 

Another  method  of  forming,  by  a  very  simple  process,  the 
hydrogureted  sulphurets,  consists  in  digesting,  in  a  gentle 
heat,  a  hydro-sulphuret  with  powdered  sulphur,  an  additional- 
portion  of  which  is  thus  dissolved,  while  part  of  the  sulphur** 
cted  hydrogen  escapes. 

Hydrogureted  sulphurets  have  the  following  properties : 

1.  They  have  a  deep  greenish  yellow  colour ;  an  acrid  and 
intensely  bitter  taste ;  and  an  excessively  offensive  smell. 

2.  They  deposit  sulphur  when  kept  in  close  vessels ;  become 
much  more  transparent  and  lighter  coloured ;  and  less  ofien- 
are  to  the  smell. 

3.  They  rapidly  absorb  oxygen  from  the  atmosphere,  and 
bom  oxygen  gas.  Hence  their  employment  in  eudi- 
OBictry.* 

4.  On  the  addition  of  dilute  sulphuric,  or  muriatic,  or  of 
certain  other  acids,  they  are  decomposed.  Sulphureted  hy- 
drogen gas  is  evolved,  and  sulphur  is  precipitated. 

5.  When  boiled  in  contact  with  filings  of  silver  or  of  cop- 
per, and  of  those  metals  only,  Vauquelin  found  that  they 
lose  their  excess  of  sulphur,  and  become  simple  hydro-sul- 
pharets. 


SECTION  V. 
Hydrogen  with  Selenium. — Selenureted  Hydrogen  Gas. 

Beuzelius,  by  fiising  together  potassium  and  selenium,  and 
adding  water  to  the  fused  mass,  obtained  a  hydro-selenuret  of 
Potash  of  a  deep  ale  colour.     By  pouring  diluted  muriatic 


*  See  page  289. 
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acid  on  ihc  concentrated  sohition  of  this  compound,  a  gas  is 
ilisen^gcd,  which  has  the  following  properties.' 

Il  has  a  smell  resembling  that  of  Bulpliurcted  hydrogen.  It 
is  absorbed  to  a  considerable  amount  by  water,  which  actfuires 
no  colour,  but  after  some  minutes  becomes  slightly  opnlrsccnl, 
and  deposits  a  little  selenium.  The  solution  has  an  bcpaiic 
taste,  reddens  litmus  paper,  and  gives  a  permanent  brown 
stain  to  the  skin.  Exposed  to  the  air,  it  is  gradually  but 
completely  decomposed.  It  precipitates  all  metallic  solatiooc 
when  neutral,  even  those  of  zinc  and  iron,  generally  of  a 
brown  or  black  colour. 

Tliis  gas  produces  violent  effects  on  the  organs  of  respira- 
tion, and  n  sharp  and  painful  sensation  in  the  nose,  which  a 
followed  by  the  loss,  for  a  time,  of  the  sense  of  smelling.  A 
small  bubble  not  larger  than  a  pea,  when  let  up  into  the 
nostrils,  beside  the  immediate  effects  which  have  been  de- 
scribed, produced  a  mucous  discharge  which  continued  15 
days. 

To  determine  its  composition,  it  was  Iransmittnl  (liroitgb  a 
solution  of  acetate  of  silver,  when  a  selenurct  of  silver  wai 
formed,  from  the  known  composition  of  wbidi  BcnwHo* 
deduces  the  composition  of  this  gas  to  l>e 
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This  determination  of  the  equivalent  of  selenium  does  not 
essentially  differ  from  that  deducible  from  tlic  composition  of 
selenic  acid. 

Selenium  agrees  then  witli  sulphur  ond  with  tcllunum,  in 
affording  a  weak  acid  when  united  with  hydrogen;  an  acid 
which,  in  all  three  cases,  formn  salts  with  those  oxides  irnij 
whose  radicals  have  a  stronger  affinity  for  oxygen  than  bj* 
drogcn  baa;  while  it  reduces  all  other  oxides,  and  forms  com- 
j'  Lj  'is  of  their  respective  metals  with  selenium. 
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Nitrogen  wHk  Carbon. 
—Carburet  of  Nitrogen,  or  Cyanogen. 


TANOGEN  was  discovered  by  Gay  Lussac  m  1815,  in  the 
course  of  his  researches  Into  the  properties  of  the  compound, 
then  called  prussiate  oj  mercury.  Its  properties  have  since 
also  been  investigated  by  Vauquelin. 

To  obtain  cyanogen,  it  is  necessary  first  to  boil  fine  pow- 
dered red  oxide  of  mercury  with  twice  its  weiglit  of  prussian 
blue  and  a  sufficient  quantity  of  water.  The  compound  is 
perfectly  neutral,  and  crystallizes  in  lung  four-sided  prisms 
truncated  obliquely.  It  still,  however,  contains  a  little  iron, 
which  may  be  separated  by  digesting  the  liquor,  before  eva- 
poration, with  a  little  more  of  the  oxide  of  mercury,  and 
saturating  the  excess  of  this  oxide  with  a  little  prussic  acid, 
or  even  with  a  little  diluted  muriatic  acid.  The  prussiate  of 
mercury,  thus  obtained  neutral  and  crystallized,  must  be  care- 
fully and  completely  dried  nt  a  temperature  below  that  of 
boiling  water,  ond  then  exposed  to  heat  in  a  small  glass  re- 
tort, or  in  a  tube  closed  at  one  extremity.  It  first  blackens, 
then  liquefies,  and  the  cyanogen  comes  over  in  the  form  of  a 
gas,  which  may  be  collected  over  mercury.  In  the  retort  there 
remains  a  charry  matter  of  the  colour  of  soot,  and  as  light  as 
lamp  black.* 

1 .  Cyanogen  is  a  true  gas,  or  permanently  elastic  fluid.  Its 
smell  is  strong,  penetrating,  and  disagreeable.  It  burns  with 
a  bluish  flame  mixed  with  purple.  Its  specific  gravity  is  to 
that  of  common  air  as  1.806*  to  I.  Hence  100  cubic  inches 
at  60°  Falir.  weigh  55  grains. 

2.  ^^'ater  at  the  temperature  of  60'  Fahr.  absorbs  almost 
♦  J  times  its  volume,  and  pure  alcohol  23  times  its  volume. 
The  watery  solution  reddens  litmus;  this,  however,  is  scarcely 
to  be  considered  as  nn  effect  of  cyanogen,  but  of  the  products 
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to  which  it  gives  rise  by  the  decomposition  of  water.     (Vau- 
quelin  in  Ann.  of  Phil.  xiii.  430.) 

S.  When  100  measures  of  cyanogen  are  detonated,  in  a 
Volta's  eudiometer,  with  250  measures  of  oxygen  gas,  200 
measures  of  carbonic  acid  reGult,  and  100  mcaeures  of  nitnv 


gen. 


There  r 


I,  also,  50  measures  of  oxygen  gas  uncon- 
densed.  From  these  data,  it  is  calculated  by  Gay  Lussac,  that 
cyanogen  is  composed  of  two  volumes  of  the  vapour  of  char- 
coal and  one  volume  of  nitrogen,  condensed  into  a  single 
volume.  Its  density  ought,  therefore,  to  be  0.9722  +  0.832 
=  1.8043,  a  number  not  very  remote  from  that  obtained  by 
expeiiment. 

4.  Analysis  by  more  complicated  methods  affords  the  same 
result,  coinciding  with  that  in  which  cyanogen  yields,  by  a  de- 
composition effected  by  means  of  oxygen,  twice  its  volutoe  of 
carbonic  acid  and  an  equal  volume  of  nitrt^en.  No  water  trhnt- 
■oever  is  formed  during  its  combustion,  if  the  gas  be  perfectly 
free  from  prussic  acid  vapour,  a  sufficient  proof  of  the  absence 
of  hydrogen  from  the  composition  of  cyanogen. 

5.  Phosphorus,  sulphur,  and  iodine,  may  be  sublimed  ia  it 
without  producing  any  change ;  but  when  heated  in  contact 
vith  cyanide  of  mercury,  compounds  of  those  bodies  wiili 
cyanogen  are  formed.  (Davy,  Journ.  of  Science,  vol.  i.) 

6.  The  solutions  of  pure  alkalies  and  alkaline  earths  absorb 
cyanogen  ;  and  the  liquid  obtained,  when  poured  into  a  wlu- 
tion  of  black  oxide  of  iron,  affords  prussian  blue,  but  not 
without  the  addition  of  an  acid.  At  the  same  time,  cariwnic 
acid  gas  escapes,  in  volume  equivalent  to  the  cyanogen  th- 
gorbed,  and  there  is  a  perceptible  smell  of  pru&sic  aciii 
These  changes  wiU  be  more  evident  from  the  following  rcci- 
pitulation : 

p=  2  vol,  char-"»  decomposes  f'=  1  vol.  < 

1  and  I  vol.  J.  1  atom  of  <    and  2  Tol.liy- 

nitrogen.      J       water.      L        drogeo. 

One  volume  of  charcoal,  uniting  with  one  volume  of  oxjgWi 

forms  one  volume  of  carbonic  acid ;  the  remaining  volume  of 

charcoal,  uniting  with  half  a  volume  of  niuogen  and  half » 

volume  of  hydrogen,  composes  prussic  acid ;  aod  the  raidasf]' 


1  vol, 


of  r=f' 
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half  volaine  of  nitrogen  and  l^  volume  of  hydrogen  com- 
poee  together  one  volume  of  ammonia. 

7.  It  will  afterwards  be  shown,  that  when  to  two  volumes 
of  diarooal  and  one  volume  of  nitrogen,  together  constituting 
q^anogenj  one  volume  of  hydrogen  is  joined,  and  the  whole 
^or  volumes  are  condensed  into  two,  we  obtain  prussic  or 
kfifo^amc  acid.  Cyanogen  agrees  then  with  chlorine  and 
iodine,  in  being  acidifiable  by  union  with  hydrogen.  Hence 
iti  ocMDponnds  with  metallic  bases  have  been  called  by  Gay 
Lbmbc  cyanures^  as  those  of  chlorine  are  called  chlorures  ;  but 
having  dsewhere  expressed  a  preference  for  the  name  of 
ddandes^  I  shall,  from  analogy,  give  to  the  compounds  of 
qranogen  the  name  of  cyanides. 

Art.  2. — Hydrtnyanic  or  Pmssic  Acid. 

From  the  prusstatCj  or  more  correctly  cyanide  of  mercury^ 
vhidi  has  been  already  described,  hydro-cyanic  acid  may  be 
obtained  by  distillation  with  muriatic  acid,  taking  care  to 
employ  a  proportion  of  the  latter  which  is  not  sufficient  to 
■itarate  the  metallic  base  of  the  salt     The  neck  of  the  re- 
tot  must  be  prolonged,  for  about  two  feet,  by  a  glass  tube  of 
It  least  half  an  inch  bore  placed  horizontally,  and  contain- 
mg  in  the  ^  next  the  retort,  small  pieces  of  white  marble, 
m  the  other  |ds  fused  chloride  of  calcium.     To  the  end  of 
this  thbe  a  small  receiver  must  be  luted,  and  be  kept  cool  by 
a  freezing  mixture.     Hydro-cyanic  acid,  along  with  muriatic 
add  and  watery  vapour,  will  be  disengaged  on  gently  heating 
the  retort,  the  two  last  of  which  will  be  condensed  by  the 
materials  in  the  tube,  while  the  first,  by  successively  heating 
ihe  different  parts  of  the  tube,  may  be  driven  onwards  to  the 
receiver. 

On  repeating  this  process,  Vauquelin  found  the  product  of 
hydro-cyanic  acid  so  extremely  small,  that  he  was  induced 
to  seek  for  a  better  method  of  obtaining  it.  He  succeeded 
by  passing  a  current  of  sulphureted  hydrogen  gas,  disengaged 
from  sulphuret  of  iron  and  sulphuric  acid,  very  slowly, 
through  a  glass  tube  slightly  heated  and  filled  with  cyanide 
of  mercury,  its  extremity  ending  in  a  receiver  which  was 
kept  cool  by  a  mixture  of  snow  and  salt.    The  process  was 
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carried  on  till  ihe  smell  of  sulphurctcd  Iiydrogen,  whicb  Ibrs 
long  lime  could  not  be  perceived,  was  discovered  in  the  re- 
ceiver. T)ie  hydro-cyanic  acid  amounted  in  weight  to  ^^ 
the  cyanide  of  mercury.  To  avoid  any  inconvenience  from 
the  process  being  carried  too  lur,  some  carbonate  of  lead  wai 
placed  at  the  enti  of  the  tube  next  the  receiver,  in  order  to 
absorb  the  &ulphureted  hydrogen  that  might  pass  nnde- 
coniposed. 

The  hydio-cyanic  aci(J  is  subject  to  epontaneoos  decom- 
position, and  the  more  so  the  greater  its  state  of  concentrk- 
tion.  For  medical  use,  into  which  it  has  been  of  late  ynn 
introduced,  it  may  be  obtained  by  dissolving  60  grains  uf 
cj-anide  of  mercury  in  each  otmce  of  water,  and  passing  m 
current  of  su)phuretcd  hydrogen  gas  through  the  soluuon, 
till  the  liquid  contains  a  slight  excess  of  it,  which  may  be 
separated  by  n  little  carbonate  of  lead;  after  which  thefloid 
may  be  filtered. 

The  process  adopted  at  Apothecaries'  Hall,  London,  is  the 
following.  One  pound  of  cyanide  of  mercury  is  put  into  m 
tubulated  retort  with  six  pints  of  water  and  one  pound  of 
muriatic  acid,  sp.  gr.  1.15;  a.  capacious  receiver  is  luted  to 
the  retort;  and  six  pints  are  distilled  over.  The  specific 
gravity  of  the  product  is  0.995 ;  it  must  be  preserved  iti  bot- 
tles excluded  from  the  light,  and  being  subject  to  decompo- 
sition should  not  be  long  kept.  (Uraude's  Manual,  i.  140.) 
The  specific  gravity  of  the  acid  is  considered  by  Dr.  Ure  ta 
an  inadequate  test  of  lis  strength ;  and  he  recommends  Am 
following  OS  a  more  simple  method  of  analysts.  "  To  100 
grains,  or  any  other  convenient  quantity,  of  the  acid,  con- 
tained in  a  smnll  vial,  add,  in  succession,  small  quantities  of 
the  peroxide  of  mercury  in  fine  powder,  till  it  ceases  to  bv 
dissolrctl  on  agilntiun.  The  weight  of  the  oxide  taken  i 
being  divided  by  lour,  gives  n  quotient  representing  the  q 

lily  of  real  prussic  acid  present.     By  weighing  nut  1       

hand  on  a  watch  ghiss  40  or  50  grains  of  the  {teroxide,  th* 
reMdual  weight  of  it  shows  at  once  the  quantity  expended." 
(Quarterly  Jouinni,  xiii.  SIS.) 

Conccnlniled  hydro-cyanic  acid,  prepared  by  the  proces 
of  Giiy  Lusbac  or  Vauquelin,  is  a  limpid  and  colourless  fluid. 


»BCT.  VI.  NITROGEN   WITH    OA«B«N.  *« 

It  acts  as  a  quick  and  virulent  poison.  It  has  a  great  teti- 
dencj  to  decompose  hy  keeping.  Its  taste  is  at  first  cool,  but 
aooii  becomes  hot  and  acrid.  Though  rectified  JVom  chalk,  it 
still  reddens  litmus  paper  slightly.  Its  specific  gravity  at  43° 
Fahr.  is  .7058.  It  is  highly  volatile,  and  boils  at  79°  Fahr.; 
at  68°  it  supports  a  column  of  mercury  of  very  nearly  IS 
iaches;  and  it  increases,  fivefold,  the  bulk  of  any  gas  with 
which  it  is  mixed.  It  congeals  at  the  temperature  produced 
by  snow  and  salt,  and  liquefies  at  5°  Fahr,  A  drop  of  it 
placed  on  paper  becomes  solid  instantly,  because  the  cold, 
produced  by  the  evaporation  of  one  portion,  reduces  the  tem- 
perature of  the  remainder  below  its  freezing  point.  Liquid 
hydro-cyanic  acid  forms  prussian  blue  directly,  both  with 
iron  and  its  oxide,  and  without  the  presence  of  eitlier  acid  or 
alkali.  The  explanation  of  this  lact  will  be  given  hereafter. 
It  does  not  prove,  as  V'auquclin  supposes,  that  prussian  blue 
it  a  hydro-cyanate  of  iron. 

Hydro-cyanic  acid  may  also  be  collected  in  a  gaseous  form 
over  mercury,  by  heating  in  a  retort  [he  crystallized  ferro- 
cyanate  of  potash  with  dilute  sulphuric  acid.  This  gas  is 
absorbable  by  water  and  alcohol.  It  is  speedily  fatal  when 
receiveil  into  the  lungs  of  small  animals.  At  a  temperature  be- 
tween 86°  and  95°  Fahr.,  the  acid  gas  forms  with  oxygen  gas  4 
mixturewhichdetonateson  passing nn electric  spark.  Aquantity 
equal  tu  lUO  measures  condense  125  measures  of  oxygen,  and 
there  result  100  measures  of  carbonic  acid  and  50  measures  of 
nitrc^en.  But  as  the  carbonic  acid  contains  only  its  own  vo- 
lume of  oxygen,  there  remain  25  measures  of  the  latter  gas 
which  must  have  been  converted  into  water  by  iO  measures 
of  hydrogen  existing  in  the  prussic  acid  vapour.  From  these 
and  other  (acts.  Gay  Lussnc  infers  that  it  is  conipo^d  of  oue 
volume  of  the  vapour  of  charcoal,  half  a  vulumc  of  hydrogen, 
aad  half  a  volume  of  nitrogen,  condensed  into  one  volume. 

Wlien  potassium  is  healed  in  hydro-cyanic  vapour,  it 
evolves  hydrogen  gas  equal  to  half  the  volume  of  the  vapour. 
The  other  elements  of  the  gas  unite  with  the  potassium,  'i'has 
the  hydro-cyanic  acid  is  rcMilved  into  hyilrogen  and  cyanogen, 
which  last,  uniting  with  the  putussiuni,  lurms  a  cyanide  of 
that  metal.  Aa  hydro-cyanic  acid  is  constituted  of  eijual  vo- 
luoirs  of  ibciw  two  ntuo4!h,  uuited  without  tuiideusutiun>  the 
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specific  gi'avily  of  the  acid  gas  ought  to  be  Lbv  mean  of  Uiow 
of  its  component,  viz.  0.9360  very  nearly.  This  diSen  reiy 
little  from  the  result  of  experiments,  viz.  0.9476.  lis  coo- 
stttuents,  therefore,  arc  by  weight, 


Cyanogen lOO 

Hydrogen 3.8*6 


i 


or  two  atoms  of  chnrcoal  =  12,  +  1  of  nitrogen 
of  hydrogen  ;  and  its  equivalent  number  is  27. 

The  salt*  formed  by  the  union  of  this  acid  with  salifiable 
bases  are  called  hi/dro~q/anales,  but  tliey  are  not  permanent, 
and  have  no  useful  properties.  They  arc  decomposed  hy  thf 
weakest  acids,  sucli  as  the  carbonic. 

Hydro- cy anal e  of  ammonia  crystallizes  in  cub^s  or  in  very 
small  prisms.  Its  volatility  is  such  that  at  a  temperature  oi 
72"  Fabr.  ite  vapour  supports  a  column  of  upwards  of  15 
inches  of  mercury ;  and  at  97^  Fahr.  it  is  equal  to  the  pre^ 
sure  of  the  atmosphere.  Dr.  Thonison  liuds  tliat  when  pnu- 
sian  blue  is  exposed  to  a  red  heat  in  a  copper  tube,  and  d« 
products  received  over  mercury,  t)ie  glass  receiver  is  conted 
with  transparent  crystals  of  this  salt.  The  solution  of  ihit 
salt  precipitates  several  metallic  solutions  not  afll-cted  Ii; 
hydro-cyanic  acid,  which,  according  to  Schcele,  acts  only  on 
nitrates  of  silver  and  mercury,  and  on  carbonate  of  iron- 
(Ann.  of  Phil.  xv.  394.) 

Art.  S.—Chloro-cyank  Acid. 
Chloro-cynnic  acid  was  discovered  by  Bertliollct,  who  foum! 
that  hydro-cyanic  add,  by  absorbing  chlorine,  acquirer  ncM 
properties,  and  no  longer  forms  a  blue  iM-ecipitttte  wilii  thf 
K^utions  of  iron-  Supposing  it  to  result  from  the  union  of 
oxygen  with  the  prussic  acid,  he  gave  lo  the  new  compotuw) 
the  name  of  oxy-prussic  ncid.  The  nature  of  this  combiiu- 
lion  has  since  been  investigated  by  Gay  Lussoc.  To  prepcre 
it,  A  current  of  chlorine  gas  may  be  passed  through  s  solu- 
tion of  hydro-cyanic  add  in  water,  till  the  liquiil  di»culourt 
the  solution  of  indigo  in  sulphuric  acid.  Hy  ngitaling  liii' 
liquid  with  mercury,  and  by  distilling  at  a  gentle  hul,  an 
clastic  fluid  is  formed.  This,  however,  is  not  purcchlt>»w 
cyanic  acid,  for  at  teiu|)cruiures  from  QO-  to  70'^  Fahr.,  uud 
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uiuler  common  pressures,  that  acid  can  only  exist  rb  a  li<^ui(l. 
[I  is  a  mixture  <^  carbonic  aciJ  and  chloro-cjanic  aciik,  in 
proportions  not  yet  determine). 

The  mixture  of  carbonic  and  chloro-cyanic  acids  is  colour- 
less; it  has  a  very  penetrating  smell,  and  exciles  n  flow  of 
tears;  its  density,  determined  by  calculation,  is  2.1 2J,  air  being  1. 
It  reddens  litmus,  is  not  inflammable,  and  does  notdetonnle  by 
passing  on  electric  spark  through  a  mixture  of  the  gas,  with 
twice  its  volume  of  hydrogen  or  of  oxygen;  but  with  a  mix- 
ture of  the  two,  it  burns  vividly,  with  the  production  of  a 
blueish  white  fianio  and  of  an  extremely  dense  white  vapour, 
which  has  the  smell  of  nitrous  gas  and  the  taste  of  n  mercurial 
■alt. 

When  potassium  is  heated  in  the  mixed  gases,  the  chloro- 
cyanic  acid  is  entirely  decomposetl;  the  chlorine  and  cyano- 
gen are  absorbed ;  and  the  carbonic  acid  mingled  with  it  un- 
dergoes a  decomposition  more  or  less  complete. 

The  watery  solution  of  the  mixed  acids  does  not  precipitate 
either  barytic  water  or  nitrnle  of  silver;  but  from  the  latter 
it  produces,  after  being  mixed  with  potash  and  then  with 
lutric  ocid,  a  precipitate  of  chloride  of  silver. 

Alcaline  solutions  absorb  it  rapidly,  but  do  not  destroy  its 
odour,  except  when  they  are  in  excess.  These  compounds,  on 
the  addition  of  acids,  are  decomposed  ;  a  brisk  effervescence 
arises  in  consequence  of  the  escape  of  carbonic  acid,  water 
and  chloro-cyanic  acids  are  reciprocally  decomposed,  and 
muriatic  acid  and  ammonia  arc  generated. 

A  characteristic  properly  of  this  acid  is,  that  with  the  inter- 
vention of  potash,  it  forms  green  precipitates  from  solutions 
in  which  the  iron  is  oxidize<l  to  a  minimum.  The  experiment 
only  succeeds  when  we  lirst  add  the  chloro-cyanic  acid  to  the 
meUllic  solution,  then  a  Utile  alkali,  and  finally  a  small  por- 
tion of  acid. 

According  to  the  analysis  of  Gay  Lussac,  this  acid  Is 
constituted  of 


1  vol.  of  gaseous  carbon 
J  a  volume  of  nitrogen  ■ . 
^ chy^riiie  . . 


"I    cond 


idenscd  into 
umc. 
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In  other  words  1  vol.  of  cblorioe  and  1  vol.  of  cyanc^ 
produce  by  combining  2  vols,  of  cliloro-cyanicacid.  Hence  it 
density  sliould  be  liie  mean  of  those  of  its  components. 

AiiT.  4. — Of  Snlpfio-cyatiic  Acid, 
Tbis  acid  was  discovered  by  Mr.  Porretl,  to  whom  we  an 
indebted  for  a  number  of  cunoiis  and  interesting  experimenu 
on  all  tbc  acids  bnving  cyanogen  for  tbeir  base.  He  gave  it 
the  name  of  tull'liureled  chyazic  acid,  the  term  cbyacic  being 
compounded  of  the  first  letter  of  carbon,  the  first  syUablH 
of  hydrogen  und  azote,  with  the  nsual  termination  *ignilj^nf[ 
nn  acid.  He  considered  it  as  n  compound  of  sulphur  irilh 
hydrocyanic  acid,  but  since  tbc  researches  of  Gay  Lussac,  it 
may  rather  be  regarded  us  a  compound  of  sulphar  with  cri- 
nogeii. 

The  original  process  of  Mr.  Porrelt  is  somewhat  compli- 
cated nnd  tedious.  The  following  tnetbod  was  contrived  bf 
Grottbus,  and  improveii  by  Vogcl.  Mix  equal  weights  cf 
pulverised  ferro-cyanate  (commonly  called  prussiatc)oFpoluli 
and  flowers  of  sulphur,  and  expose  the  mixture  in  a  flask  tot 
heat  sufficient  to  melt  the  sulphur,  keeping  it  melted  for 
several  hours.  When  cold,  reduce  the  mass  to  powder,  uul 
digest  it  in  water  enough  to  take  up  every  thing  soluble. 
Filter  tbc  li<)uor,  nnd  drop  into  it  a  sufRcient  quantity  oT 
potash  to  precipitate  any  iron  that  may  be  held  in  Botution. 
The  liquid,  ibns  prepared,  is  a  solution  of  sulpho-cyanste  of 
potash  in  water,  nnd  the  acid  ingredient  may  be  obtained, 
mixed  with  water,  by  distilling  it  with  sulphuric  acid. 

Sulpho-cyanic  acid,  thus  obtained,  is  a  transparent  liquid, 
colourless,  or  with  a  slight  pinkish  hue,  with  an  odonr  u 
strong  as,  and  somewhat  resembling,  that  of  acetic  acid.  'ITi* 
strongest  obtained  by  Mr.  Porntt  hn<l  the  specific  graviir 
1.022.  It  dissolves  a  liitlc  more  sulphur  at  a  boIUng  tempf- 
raturc ;  but  most  of  this  is  se]>araied  again  on  cooling.  In 
this  state  it  throws  down  oxide  of  silver  from  the  nitrate  of  • 
dark  colour ;  but  otherwise  the  precipitate  is  white. 

Sulpho-uyanic  acid  boils  at  216^°;  and  at  5*^°  crj-siallijw 
in  six-sided  prisms.  When  thrown  into  a  red  hot  ptatinatn 
crucible,  sulphur  is  diseuf^aged,  and  a  blue  flame  is  (miditcnl- 
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It  is  partialJy  (decomposed  b;  being  transmitted  tlirougli  « 
red-hot  porcelain  tube ;  and  if  brought  into  contact  with  ig- 
nited iron  turnings,  sulphuret  of  iron  is  formed,  and  hydro- 
cyanic ncid  and  sulphureled  hydrogen  disengaged. 

By  a  sulhcient  quitnltty  of  chlorine,  the  whole  of  the  sul- 
|>hur  is  converted  into  sulphuric  acid,  and  hydro-cyanic  acid 
is  disengaged.     lotline  produces  a  similar  effect. 

With  protoxide  of  copper,  it  affords  a  white  insoluble 
fiulpho-cyanalc.  From  the  analysis  of  this  salt,  Mr.  Porrctt 
drew  his  inference  respecting  tlte  composition  of  the  acid, 
which  he  conceived  to  consist  of  one  third  by  weight  of  the 
elements  of  liydro-cyanic  nciil,  and  two  titirds  of  sulphur. 
According  to  Dr.  Thomson  (System,  Gth  edit.  ii.  306.)  it  is 
constituted  of 

2  atoms  of  sulphur    ,.  32 

B2  atoms  of  charcoal 12 
1  atom  of  nitrogen  li 
I  atom  of  hydrcgen i 
fence  its  equivalent  number  is 57 
is  capable  of  uniting  with  salifiable  bases,  and  composes 
m  genus  of  salts  called  iulplio-cijunalcs.  Many  of  these  liave 
been  investigated  by  Mr.  PorretL 

Art.  S.—Ferro-cyanic  Acid. 

The  ferro-cyanic  acid  may  be  prepared  by  the  following 
process:  dissolve  in  cold  water  any  quantity  of  the  salt  called 
triple  prussiate  {ferio-cyanate}  of  baryta,  and  for  every  tea 
grains  so  dissolved  add  a  quantity  of  sulphuric  acid  equivalent 
to  S.63  grains  of  real  acid  ;  stir  the  mixture  ;  and  set  it  aside 
for  some  time.  The  baryta  and  sulphuric  ncid  me  precipi- 
tated in  combination  ;  and  the  ferro-cyanic  acid  may  be  dc- 
contcd  for  use.     Its  characters  are  the  following: 

It  has  a  pale  lemon  yellow  colour;  has  no  smell;  and  is 
not  poisonous  in  small  quantities.  It  is  decomposed  by  a 
gentle  heat,  or  by  exposure  lu  a  strong  light,  in  which  case 
hydro-cyanic  acid  is  formed,  and  also  white  triple  prussiate  of 
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iron,  which,  by  nbsorbing  oxygen,  becomes  prussian  blue. 
With  alkalies,  earths,  and  metallic  oxides,  it  forms  direcdy 
the  salts  called  triple  prussiales.  It  displaces  acetic  acid  from 
all  its  combinations,  and  also  detaches,  from  other  acids,  tbo*e 
bases,  with  which  it  is  susceptible  of  forming  compounds  that 
are  insoluble  in  acids.  Being  decomposable  by  heat,  it  can 
never  be  obtained  by  distillation.  In  that  case,  hydro-cyanic 
acid  and  hydro-cyanate  of  iron  are  formed.  Mr.  Porrett  hiu 
also  pointed  out  a  method  of  obtaining  ferro-cyanic  acid  in  ■ 
crystallized  form.  Dissolve  5S  griiins  of  crystallized  tartaric 
acid  in  alcohol,  and  50  grains  of  fcrro-cyanate  of  potash  in  u 
little  warm  water  as  possible.  Mix  the  two  liquids.  Bi-iar- 
trate  of  potash  is  precipitated,  and  the  fcrro-cyanic  acu,!  re- 
mains in  solution.  By  spontaneous  evaporation,  it  c^J■»ta^ 
lizes  in  small  yellow  cubes,  which,  on  exposure  to  the  l>};)il, 
lose  their  regular  shape,  are  decomposed,  and  become  coatcil 
with  Prussian  blue.  It  appears,  therefore,  that  the  balance  of 
sfiinities  preserving  this  acid  is  very  soon  disturbed,  and  iu 
elements  easily  thrown  into  new  arrangements. 

We  are  indebted  to  Mr.  Porrett  for  the  view,  which  it  niotl 
commonly  taken,  of  the  nature  of  the  acid  entering  into  the 
composition  of  the  salts  formerly  called  prussiales,  or  Ifipie 
prussiales.  It  had  generally  been  supposed  that  the  protoxide 
of  iron,  which  is  always  present  in  these  salts,  acted  the  part  of 
a  base,  with  which  (as  well  as  with  the  alkali  or  earth  in  the 
triple  compounds)  the  prussic  acid  was  supposed  to  be  united. 
Mr.  Porrett,  however,  has  rendered  it  more  probable  tliat  tlie 
oxide  is  really  an  element  of  the  acid,  and  not  a  base :  for  lie 
finds  that  when  triple  prussiate  of  soda  in  solution  is  ex- 
posed to  galvanic  electricity,  the  oxide  of  iron  is  carriixl, 
along  with  the  elements  of  the  prussic  acid,  to  the  ))Oxitive 
pole,  whereas,  if  it  had  existed  as  a  base,  it  would  have  b«n 
determined  to  the  negative  pole.  He  proposed  i'or  it  tht 
name  oi  femireled  chyazic  acid  ;  but  I  prefer  that  of  fi.Tn> 
cyanic,  which,  not  necessarily  excluding  hydrogen  from  iti 
composition,  is  still  consistent  with  the  new  view  arising  out 
of  Mr.  Porrctt's  researches.  This  view  explains  why  dbe 
iron   in  triple  prusiiates  (fcrro-cyanBtcs)    is  not    discorer' 
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aUe  by  dbe  iBOit  deUoUe  tesU,  for  it  orb  no  mcme  be  o&cted 
bylhenii  ibwmifkur  caab«  iadicatedby  its  apprppdiUa  tests 
when  existing  in  salpburic  acid. 

The  precise  consiitiation  o^  ferro^cyanic  acidy  bowevery  does 
Dot  appear  to  nave  been  as  yet  satisfactorily  made  out ;  nor  event 
is  it  absolutely  certain  that  it  contains  hydrogen  as  an  essen- 
tial element.  It  is  possible  that  it  may  be  a  compound,  not 
of  hydro-cyanic  acid,  but  of  cyanogen,  with  protoxide  of  iron : 
Or  the  compounds  called  triple  prussiates  may  be  hydro* 
^anatea  with  a  double  base.  The  greater  permanency  of 
these  salts  than  of  mere  hydro-cyanates^  njay,  as  observed  by 
Gay  Lussac  and  Berzelius,  (who  admit  the  facts  of  Mr. 
Ponrett^  but  dissent  from  his  conclusions)  be  analogous  to  what 
bippgW  io  some  other  cases*.  Thusalumina^  when  associated 
vilh  potiaahj  enters  into  moce  ener^^etic  uiuon  with  sulf^uric 
ad^  Ihtti  singly  by  itself. 

Aooording  t»  the  latest  analysis  by  Mr.  Forrett,  ferro-cyanic 
iod  eoDuats  of  1  atom  of  hydro-cyonic  acid  4-  S  atoms  of 
chaicosi  +  1  atom  of  nietalUc  iron*  M.  Robiquet^  on  the 
stiisr  Iwodf  regards  it  as  coaipounded  of  the  elements 
of  hydvo^i^auc  acad  «nd  of  cjfa$dde  of  iroi^  in  the  same 
as  we  may  conceive  alcohol  to  be  formed  of  water  and 
ireted  hydrogen*  (Ana.  de  Ch.  et  Phy&  xvii.  1970 
ins  has  been  led  to  adopt  the  opinion,  that  ierro*cyanic 
odd  IS  merdy  a  hydco-oyanate  of  protoxide  of  iron  with  ex* 
oni  of  add.  In  the  preseot  state  df  the  enquiry,  it  seems  im- 
fonible  to  detensiae  which  of  these  is  the  correct  view ;  and 
tfiutbcr  appetl  to  experiment  must  be  made^  before  we  can 
dodde  raspecting  the  true  nature  of  the  ferro-cyanic  acid.  Its 
pm&tt  naaM  SMy^  therefore,  be  considered  as  oaly  provisiour* 
ally  adopted,  dll  its  constitution  is  more  accurately  known. 

Nitrogen  and  Phosphorm. 

Iha  only  instance  of  the  combination  of  akrogea  witk 
phofboni8»  is  that  presented  by  the  solution  of  a  minute 
portknof  pliosphonis  in  the  nitrogen  gasi  vemaiaing  after  the 
flnebenriim  of  that  inflammable  substance  in  atmosipberac  air. 
%  ll^  adbtion,  the  nitrogen  gas  gains  an  increase  of  volume 
oCaboaft  ^  tb»  bot  is  not  dist'm^^ished  by  any  inleresling 

So 
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properties,  and  may  perhaps  indeed  be  considered  rather  as  m 
mixture  of  the  vapour  of  phosphorus  with  nitrogen  gas,  Aait 
as  a  true  chemical  compound. 

No  combination  is  known  of  nitrogen  with  solphnr  or 
nium. 


SECTION  VII. 
Compounds  of  Pkospliorus. 

Art.  U'-^Phosphuret  of  Sulphur. 

Phosphorus  is  capable  of  uniting  with  sulphur  in  tarioai  , 
proportions ;  but  it  is  probable  that  the  most  energetiG  con- 
pound  will  be  obtained  by  taking  the  two  substances  in  qutt- 
tities,  indicated  by  the  weights  of  their  atoms,  yis.  16  pirHof 
sulphur  to  18  of  phosphorus.  The  process  requires  some  cm-  \ 
tion,  to  prevent  accidents  by  the  explosion  of  the  melted  idIh  f 
stances ;  and  it  is  advisable  not  to  operate  on  more  than  from  00  , 
to  80  grains  of  the  materials  taken  together.  Theoombinstioi  \ 
may  be  effected  either  under  water  or  not.    In  the  firrt  csh^ 
the  phosphorus  and  sulphur  may  be  put  together  into  t  txht 
containing  water,  the  temperature  of  which  should  not  eiceed 
from  140^  to  160^  Fahr.,  and  the  tube  may  be  agitated  till  tke 
combination  has  taken  place.     In  the  second  case»  into  i 
tube  4  or  5  inches  long,  and  from  4-I(Hhs  to  8-IOths  of  as 
inch  wide,  the  phosphorus  may  be  put  first,  and,  when  btti 
by  the  heat  of  a  lamp,  the  sulphur  may  be  added  at  ioto^ 
vals  in  small  fragments.    In  i>oth  cases,  sulphureted  hydrogcB 
is  evolved  at  the  moment  of  combination. 

The  phosphuret  of  sulphur  is  much  more  fusiUe  tbtti 
phosphorus  itself,  its  melting  point  being  about  41^  Fsbr. 
Hence  it  is  fluid  at  the  average  temperature  of  tbeatOMMpliait. 
It  has  a  reddish  brown  colour  whm  iresh  prepared,  bat  tUi 
may  be  removed  by  shaking  it  with  a  solution  of  anumm 
and  leaving  it  some  hours  under  that  liquid.  AtcoBMOD 
temperatures,  it  does  not  act  at  all  on  water,  nor  does  it  (l^ 
compose  water  rapidly  even  at  21  «^  Fahr.  A  compound,  pre- 
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pared  by  Mr.  Ffiraday  from  5  of  sulphur  and  7  of  phosphorus, 
did  not  become  solid  at  20^  Fahr.  and  was  perfectly  fluid  at 
93P.  On  remaining  some  weeks  under  water,  it  deposited 
cijstals  of  pure  sulphur,  and  a  compound  remained  that  was 
not  so  fusible  as  the  original  one.* 

Art.  2. — Phosphuret  of  Selenium. 

Selenium  is  speedily  dissolved  by  melted  phosphorus,  and, 
if  added  to  saturation,  a  very  fusible  compound  results,  which, 
when  cold,  has  a  dark  brown  colour,  much  lustre,  and  a 
▼itreous  fracture.  When  this  compound  is  digested  in  water, 
I  ideonreted  hydrogen  is  formed,  which,  dissolving  in  the 
water,  communicates  to  it  a  peculiar  hepatic  odour.  The  pro- 
portions of  its  constituents  are  unknown. 


SECTION  VIII. 

Compounds  of  Sulphur. 

Tbe  compounds  of  sulphur  with  hydrogen  having  been 
already  described,  the  only  ones  that  remain  are  those  which 
mlphnr  forms  with  carbon  and  with  selenium. 

Art.  I.— Sii/pAttre/  of  Carbon,  or  Alcohol  of  Sulphur, 

There  has  been  much  controversy  respecting  the  nature  of 
Ais  compound;  and  several  contradictory  statements  have 
been  given  of  its  composition.  It  was  discovered  by  Lampa- 
ditis  in  1 796,  and  was  considered  by  him  as  consisting  of  sul- 
phor  and  hydrogen.  Clement  and  Desormes  were  led,  by 
their  researches,  to  deny  the  presence  of  the  latter  element ; 
ind  to  conclude  that  it  is  a  compound  of  sulphur  and  char- 
cosl  only.  This  inference  was  afterwards  controverted  by 
Vaoquelin  and  by  Berthollet,  jun.;  and  the.  experiments  of 
Qozel  also  were  supposed  by  their  author  to  be  favourable  to 

*  Quarterly  Jounialy  iv.  961.     See  also  Pelletier,  Ann.  de  Cbim.  iv.  10; 
sod  AccmB  and  Briggs,  Nicholson's  Journal,  vi.  and  vii. 

2  O  2 
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the  opkrion,  that  it  coAtaim  hydrcigen.*  In  b  repoff, 
eveVj  on  the  Memoir  of  Cluzel,  MM.  BeitlMHvty  i«u  Thenud, 
and  VauqueliB,  described  a  set  of  experiment*  *made  by-ihe  ImI 
mentioned  cbenntft,  wbioh  ted  then  to  4»eKe¥«  fbnt  the  doohdl 

of  sulphur  is  a  true  binary  compound  of  sulphorand  dUiroarf 
only;t  and  this  inference  has  been  proved  to  be  correcty  by 
the  subsequent  investigation  of  Berzelius  and  Marcet.^ 

To  prepare  this  substanee,  a  coated  eattben  tub^  of  about 
one  inch  and  a  half  in  diameter,  partly  fiHed  with  amaK  pieeep 
of  charcoal,  well  prepared  andquile  finee  from  gioittiifr,  BMf 
ba  disposed  in  a  furnace,  ^am  represented  fig«  48,  €  e^  one  ead 
bding  placed  higher  than  the  otber.    To  lliia  end  mmf  bs 
adapted  a  glass  tube^  open  at  both  ends,  contatntng  sBMMfaili 
of  sulphur ;  and  to  the  other  end,  by  meaoa  of  aat  adofilaf^ 
is  to  be  fixed  a  curved  tube,  passed  into  water  contained  in  t 
two>necked  bottle.      The  part  of  the  tube,    containing  the 
charcoal,  may  then  be  made  red-hot ;  and,  when  this  hap- 
pensy  the  bits   of  sulphur  are  to  be'  pushed  forwards,  one 
by  onc^  by  means  of  a  wire,    carefully   excluding  air.    Am 
soon  as  the  sulphur  comes  into  contact  with  the  charoosli 
bubbles  of  ^as  will  ibe  produced  in  .great  nbundwow^  and  s 
vapour  will  appear,  which  will  condanse,  under  thewnterte 
the  bottle,  into  a  liquid,  of  whiob,  in'  the  eonrse  «f  a  imff 
about  half  a  pint  may  be  procured.     This  liquid  may  be  puri- 
fied by  ftedistiUing  it  at  a  very  gentle  heat,  not  exceeding  100^ 
or  110°  Fahrenheit ;  and  some  dry  chloride  of  calcium  may  be 
put  into  the  retort^  In  order  to  obtain  the  fluid  perfecdy  free 
from  water.     Tlie  Ii<juid  which  comes  over  is  quite  pure,  and 
some  sulphur  remains  in  the  retort.     It  may  also  be  obtained 
by  distffling  u  mixture  of  ten  parts  of  finely  pulverized  and 
perfect  charcoal  with  50  of  native  bi-sulphuret  of  iron,  fifOB 
an  earthen  retort,  into  a  receiver  surrounded  by  ice  or  snow,     i 
One  part  of  sulphuret  of  carbon  will  be  obtained  from  thoe    -' 
materials. 

The  alcohol  of  sulphur  has  the  following  properties: 

1.    It  is  eminently    transparent,    and  perfectly  colourkn.    j 

— — : ij 


«  Ann.  de  Chim.  hxxiv.  T3.  f  Ami.  de  CIub«  imia.  fH. 

t  Phil.  Trans.  181S. 
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SMnariww%  iwKwfhtfdy  after  distUblMiiai  the  oily  Uqiiid 
fmn-M  liMif  opaque  and  milkj ;  bHt  tlie  next  day  it  is  fiNmd 
t^im^^hmmBm  coa^^Ietdj  UaE^pid,.  It  bai  an  acrid,  |^un|[)eiiC^ 
mi  mmmmh^i  aaawatiG  laste;  iu  ameU  is  DAuseeiis  aad  fisttdt 
Aangh  diflhrMfl^Arom  that  of  siilph«reted  hydrcgen. 

S.  14^  aiMBtfie  graaily  is  1.S7S ;  iia  refractive  power,  as 
ttoartaiiiMt  ky  Bff,  WqUaaloii,  ia  1^4S.  Ita  expansive  feroe 
IsfcflA  indkcss  bamaattWi  tmd  SH^  Fakrenheit)  it  equsJ  to  the 
presaare  of  7.S6  inches  of  mercury;  so  that  air,  to  which  it  is 
afaiitrf^  wiU  dilate  about  oae-fiMrlh  of  its  voliune.  Iii  boils 
triMjr  midar  the  eaaiaop  alwioapheric  presaare^  atatemp#» 
lalam  of  lOft^  oa  110°  Sabnnifaait.  It  does  Mt  cofigeal,  even 
mm  fffsmtanaao  kwaa€0°  below  o  of  FahraBbeit. 

3.  It  iabigUjF  iataiaasablfw  and  takes  fire  at  a  tampmaime 
scarcely  exceeding  that  at  which  mercury  boils.  Its  flame  is 
Unish,  and  it  emits  copious  fiimes  of  sulphurous  acid.  If  a 
long  glasa  tuh^  open  at  both  ends,  be  held  over  the  flame, 
csie  being  ttdom  to  keep  the  tuba  quite  cool,  no  moisture  what- 
ever ia  dapoaited  on  its  inner  sur&ce,.  a  sufficient  proof  of  the 
Ammssi  ^  hydrogen. 

4i  Itia  deccNDpoied  by  contact  with  chlorine,  and  chbride 
tf  anlphnr  is  obtained. 

&  Tbe.oily  liqfiid  readily  dissolvea  in  alcohol  and  ether, 
^naaf^  n9^  io  all  pnq|ortiof>s«  and  these  solutions  are  deoomi- 
yaaed  bgr  the  addition  oS  water.  It  readily  incorporates  witit 
fiaad^aiid  vcdatUe.oil%.and  rapidly  dissolves  camphor.  Itia 
not  acdoUe  in  water,  but  when  shaken  with  it  separates  again 

&  la  ita  liquid  statOjt  it  su&rs  no  change  on  being  heated 
fnA  potaatian^;,  but  potaasium,  when  heated  in  its  vapour,  b^ 
tBmarijgP'fffrfi  and?  emits  a  reddish  flame.  The  residue^  when 
taJini  with  water,,  afibrds  stilphuret  of  potash  and  charcoaL 

1m.  It  d6ai  not  tanuah  mercury  or  its  amalgams,  nor  silvei^ 
ankwltoootain  mon?  sulphur  than  is  essential  to  itaconsti^ 


8.  Tb«:  Hlkalias  dissolve  it  ejpitirel]^.  but  very  slowlgf.  Of 
fliff  f(f  1^  none  eMrt  any  lenrible  aatifln  on  it, 

SU.lWben. transmitted  over  igpit^icspfiper  or  iron  turning;^ 
alobbol  of  aulj^hor  is  d^eomposed,  the  meCid  combiniivbcft 
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with  charcoal  and  ftulphur ;  and  a  rose-ooloured  fluid  u  ob- 
tained, difiering  in  its  sensible  qualities  from  the  original 
liquid,  and  apparently  consisting  of  the  same  elements  in  di& 
ferent  proportions.  It  is  decomposed  also  when  brought  into 
contact  with  ignited  per-oxide  of  iron ;  sulphuret  of  iron  is 
formed ;  and  sulphurous  and  carbonic  acids  are  produced,  and 
may  be  separated  from  each  other  by  borax,  which  absorbs 
the  former  only.  In  this  way  it  may  be  analyzed,  and  its  pitn 
portions  calculated. 

The  proportions  of  the  elements  of  sulphuret  of  carbon  are 
deduced  by  Berthollet,  Thenard,  and  Vauqnelin,  to  be  from 
14  to  15  parts  of  charcoal,  and  from  85  to  86  of  sulphur,  in 
100.  lliis  statement  of  its  composition  nearly  agrees  with 
that  determined  by  Drs.  Berzelius  and  Marcet ;  viz. 

Sulphur. .  • 84.8S  •  • .  or  .  •  •  100. 

Carbon 15.17   17.89 


100.  117.89 

Hie  aboye-mentioned  numbers  establish  the  proportion  of 
the  elements  of  this  compound  to  be  two  atoms  of  solphor 
=s  82  to  one  of  carbon  =  6,  and  its  equivalent  number  to 
be  S8. 

The  sulphuret  of  carbon  was  found  by  Berzelius  to  be  ca- 
pable of  uniting  with  alkaline  and  earthy  bases,  and  of  form- 
ing compounds  which  may  be  called  Carbo^SuIphureis,  Bot 
their  properties,  and  the  proportion  of  their  elements,  require 
further  investigation. 

In  a  subsequent  memoir  in  the  same  volume  of  the  Pbiloio- 
phical  Transactions,  Dr.  Marcet  describes  the  extraordinary 
power  of  alcohol  of  sulphur,  in  producing  cold.  The  bulb  of 
a  thermometer  being  covered  with  fine  lint,  and  moistened 
with  a  few  drops  of  the  liquor,  the  mercury  sinks  rapidly  froD 
60^  to  0 ;  and  under  the  exhausted  receiver  of  an  air-pamp 
(the  valves  of  which  must,  for  this  purpose,  be  made  of  metalf 
and  not  of  silk)  it  falls  from  +  70%  to  70^  or  even  80""  belov 
0,  so  that  by  this  process  mercury  may  readily  be  frozen.  It 
has  been  found,  also,  by  Mr.  Murray,  that  when  a  few  drop 
of  this  liquid  are  poured  on  the  surface  of  a  glass  of  wsteft 
the  temperature  of  which  is  82^  Fahr.,   plumose  branchei 
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of  ioe  dart  firom  the  sulphurct  to  the  bottom  of  the  vessel, 
and  the  whole  water  is  suddenly  frozen.  At  the  same  time, 
the  sulphuret  becomes  volatilized;  and  the  spiculse  of  ice 
beaotifiiUy  exhibit  the  colours  of  the  solar  spectrum.  (Ann. 
of  Philoe.  Hi.  N.  S.) 

By  the  action  of  a  mixture  of  fuming  muriatic  acid  on  sul- 
phuret of  carbon,  Berzelius  obtained  a  solid  white  crystalline 
body,  resembling  camphor,  and  possessing  some  remarkable 
prc^rties.     Its  analysis  afforded 

Muriatic  acid. 48.74 

Sulphurous  acid  . . « 29.63 

Carbonic  acid  (and  loss) 21.63 

100. 

It  appears,  therefore,  to  consist  of  two  atoms  of  muriatic 
add,  one  of  sulphurous  acid,  and  one  of  carbonic  acid. 

Sulphtiret  of  Selenium. 

One  part  of  seleniumi  melted  with  100  parts  of  sulphur^ 
imparts  to  the  sulphur  a  dirty  yellow  colour ;  but  the  only 
method  of  obtaining  a  sulphuret  of  selenium  of  determinate 
composition  is  to  precipitate  a  solution  of  selenic  acid  tiy  sul- 
phureted  hydrogen  gas,  and  to  wash  the  precipitate  with  a 
little  muriatic  acid.  A  deep  orange  coloured  compound  is 
formed,  in  which  100  parts  by  weight  of  selenium  are  iinited 
with  60.75  sulphur.  It  is  attacked  with  difficulty  by  nitric 
ad^  but  more  readily  by  nitro-muriatic.  It  is  soluble  ia 
die  fixed  caustic  alkalis,  as  well  as  in  alkaline  hydrosulphuretSy 
and  gives  a  solution  of  a  deep  orange  colour.  When  heated 
m  the  air,'  it  burns  at  first  with  the  odour  of  sulphurous  acid» 
tiien  with  that  of  horse-radish.* 


•  BeneUus,  Ann.  of  Phil,  xi? .  109. 


CHAPTER  IX. 

Of  the  General  PrfJfmiki  rfJdeiak. 

The  metals  constitute  a  class  of  bodies  whkAi  are  not  more 
interesthig  firom  their  application  to  the  oommcm  arts  of  lifi^ 
than  froni  the  fiicts  which  they  contribnte  to  the  general  prin- 
ciples of  chessical  science.  Only  seren  or  eight  were  known 
to  the  ancients;  but  the  dass  has  been  increased  to  more  than 
Ave  times  that  number,  wfthin  the  last  century.  The  tikw* 
ing  appear  to  have  a  sufficient  daim  to  he  considered  as  db- 
tinct  metals. 

TABLE   Of  BCETiOS. 

KaiMi  of  Metals.  Piscoma4lg  Ite- 

1.  Gold 

9.  Siher...... 

9*  Iron 

4*  Copper  •  •  •  •  ^Known  nnce  the  rcBioletl  anliqo^jr. 
8*  Blercury  • « • 

6.  Lead 

7.Tb , 

«•  Zinc KnowntoPtumcelsniiwhodied...,  1541 

9.  Bisnuiai....    Described  by  ^gficola   IflM 

10.  Antimony  ..    Doscrihedl^  Bad  ValoitiM^  15tli  wi^. 

11.  Arsenic  ••.•*| 

M.  Cobalt    ..../^"^^* ^'•' 

IS.  Platinum    . .     Wood,  Assay  Master,  Jamaica ....  1741 

14.  Nickel    . . .  •  CroBitedt 1751 

15.  Manganese  Gahn  and  Scheele 1774 

16.  Tungsten  ..  M.M.  Delhuyart 1781 

17.  Tellurium  . .  Muller 1781 

18.  Molybdenum  Ditto  and  Hielm     1781 


lioiQ  •  •  •  •  I 
iiiiii«...  VSiirll. 


Swam  of  Mdab.  DisooTered  by  Date. 

19.  Titaaimn   . .    Oregor     ...•••• 1781 

80.  Unmium    . .     Klaprodi 1789 

21.  Chromioni . .    Vauquelin    , , 1797 

n.  Columbimn       Ehtdiett »,.... 1809 

8S.  PalliidUiin  ..1 

U.  Rhodium.../^'- WolWton    ^^^ 

25.  Iridium  • .  •  •    Descostils  and  Tennant 1809 

S6.  OHnium .  • .  •    Tennant •  •  1809 

27.  Ceriiuo  « •  •  •     Hisinger  and  Berzefius  •.....••..  T80i 
88.  Potaa^um  .  • 
89*  Sodima 

SO.  Bariimi  ^...  ySirH.  Davy    ..........  ^ 1807 

31*  SbnoQttiHn  •  • 
8S»  Calciuip  i.  •  • 

8S.  L&hiaiii^  •  •  •     Arfwedaon    • . .  ^ I81S 

Si.  Cwlmingi  •  •     Stromeyer 1819 

Hie  tortgfmg  table  oomprehends  only  84  out  of  41  of  Ae 
bodies  at  pieient  acknowledged  as  metals.  The  remainfaajg 
sefeiif  an  of  very  recent  date^  viz,  magnesium,  glncfaran^ 
yttriomi,  alvQiinumy  thorinnm,  zirconium,  and  slUdnm,  lunit 
not  yet  beeu  exhibited  in  a  separate  form,  and  are  arranged 
amoi^  tbeametab  troka  analogy;  chiefly  because  theearths^  fa 
wliidi  they  exist,  present  a  striking  vesemUance,  as  to  tbsSr 
jCopfEgliei^  to  tiieoxidea  of  ascertained  metak. 

Of  a  class  comprehending  so  many  individuals,  it  is  nc;! 
mtf  tm  «Af  ^gmmA  dfioiptioo ;  bMt  it  vili  be  found  dial 
Ifcn  iB^U  fi^  all-cbafaigtwriwed  by  f»ie  or  loore  of  the  Meiw* 


a«  With  ijm  «oif<imi  of  the  n»wly  discovered  heses  of  thg 
rihrfit  Md  eailhs^  ih^  aie  distiscuishad  by  a  ^i||^  ^k^gF» 
fmri^  tb«  l^htest  d  the  other  PKstala  (tvdlnriiiiR^ 
mmaMmM§  hravitr  tha»  the  vmt  pooderiws  of  fim 


lWfcHosifi«4iMe  whibits  ibt  «Mi&s  gra^i^^  of  mrtmi 
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Tatfle  of  the  Specific  GravUies  of  MeiaU;  water  a/  60^  Fakr. 

being  1. 

Aathority. 

Platinum     20.98 • BrUson. 

Gold   19.257  Ditto. 

Tungsten    17.6  D'Elhuyart. 

Mercury 13.568  Brisson. 

Palladium   11.3  to  11.8 WollastoD. 

Lead   .« 11.352  Brisson. 

Silver 10.474  Ditto. 

Bismuth 9.822  Ditto. 

Cobalt     8.538 Haiiy. 

Uranium     ..l...     9.000  ...••.••.. Buchols. 

Copper 8.895  Hatchett. 

Cadmium    8.604  •  •  •  Stromeyer* 

Arsenic 8.308  • Bergmann. 

Nickel     8.279  Richter. 

Iron. 7.788  Brisson. 

Molybdenum  •  •  •  •     7.400 Hielm. 

Tin 7.291  Brisson. 

Zinc    6.861  to  7.1    Ditto. 

Manganese  ..•••.     6.850 Bergniann. 

Antimony    6.702  Brisson. 

Tellurium  • 6.115  Klaproth. 

Sodium 0.972\  I^^f  Lussac 

Potassium 0.865  J *  \and  Tlienard. 

llic  metals,  are,  perhaps,  the  only  solid  bodies,  whose  spe- 
cific gravity  is  affected  by  mechanical  means,  or,  in  other 
words,  whose  particles  can  be  brought  permanently  into  a 
state  of  nearer  approximation  by  compression.  In  conse- 
quence of  this  property,  several  of  the  metals  undergo  mate- 
rial changes  in  their  specific  graviqr,  by  the  mechanical  ope- 
rations of  rolling,  hammering,  8cc  It  may  be 
whether  the  metals  are  heavier  than  other  bodies,  in 
qoence  of  the  greater  specific  gravity  of  their  individual  atoms, 
or  firom  a  greater  number  of' atoms  bang  Rggregated  into  a 
given  volume.     The  former,  however,  b  most  probably  the 
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case,  thou^  it  must  be  acknowledged  that  their  specific  gra- 
yity  is  by  no  means  exactly  proportional  to  the  weight  of  their 
atoms. 

2.  Tbey  are  opaque,  at  least  in  the  state  in  which  they  ge- 
nerally occur  to  our  obsei^vation.  Gold,  however,  beat  into 
leaves  ^ga'aaath  of  an  inch  in  thickness,  transmits  a  faint 
greenish  Ii|^t^  when  held  between  the  eye  and  the  direct  rays 
of  the  sun. 

S.  They  possess  various  degrees  of  lustre,  and  it  is  of  so 
peculiar  a  kind,  that  it  has  been  termed  by  mineralogists  the 
metallic  lustre^  and  referred  to  as  a  known  standard  in  the 
description  of  other  minerals.  Some  of  the  metals  possess 
this  property  in  so  remarkable  a  degree,  as  to  be  applicable  to 
highly  ornamental  purposes.  Polished  steel  takes  place  of  all 
the  metals  in  the  perfection  of  its  lustre ;  but  some  of  the  class 
(as  cobalt  and  nickel)  appear  to  be  susceptible  of  it  in  only  a 
anall  dqj^ee. 

4.  The  metals  are  excellent  rejlectorsj  not  only  of  light  but  of 
caloric ;  and  benoe  they  are  the  best  materials  for  the  com- 
position of  burning  mirrors.  From  the  experiments  of  Mr. 
Leslie^  tbey  appear  to  possess  this  property  in  the  following 
order,  the  highest  number  denoting  the  greatest  reflecting 
power. 

Brass 100 

Silver 90 

Tinfoil 85 

Planished  block  tin   80 

Steel    70 

Lead   60 

Unfoil  softened  by  mercury ........  50 

In  general  the  reflecting  power  was  found,  by  Mr.  Lesliei 
to  be  proportionate  to  the  degree  of  polish,  and  to  be  impaired 
by  every  thing  that  diminished  this  quality.  A  tin  reflector, 
fi>r  example,  bad  ito  reflecting  power  diminished  nine-tenths 
by  being  rubbed  with  sand  paper. 

5.  Metallic  bodies  are,  of  all  others,  the  best  conductors  of 
dectricity.    When  their  surface  is  extensive  enough  to  convey 
away- the. electricity  which  seeks  a  .passage,  no.change  is  pro:-- 
duced  in  them  j  but ,  when  insufladent,  the  dectric  fluid  pene- 
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tratM  into  Uiem,  beats  tliem,  «iul  sooietisies  fuuft  aod  ev«ii 
volMilizes  theiti.  In  this  sUUe  of  vapour,  they  burn  more  or 
1  ess  viviilly,  and  with  diflbrently  coloured  flames;  zinc  witb  a 
white  flfuae  mix«i]  with  blue  and  red;  tin,  bliuslt  white; 
lead,  bluish  or  purjtle ;  and  silver,  fjreen. 

Their  prc^rtics  «6  electro'Bioloi-s  have  already  been  de- 
scribed in  Lh«  chapter  on  tbe  chemical  ogeocics  of  eUctricitjr 
and  j^nlvanism. 

6.  The  m^ah  are  t\iio  exceileat  lomludors  of  aitarie,  Tlie 
de^i-eoi,  in  which  difiereiit  BMlals  posfiess  thi&  prupertx,  wUl 
be  Ibund  eoucnerBtetl  Id  the  chapter  o»  caloiic- 

7-  The  Bietids  are  alif usillc,  provided  a  due  degree  of  hfat 
be  ■^lisd,  which,  for  tome,  is  very  mtMluratc.  nod  tac  olben 
Bxtreraely  iuteiue.  Mercary  is  t)ie  tnty  metat  tWt  exwU  con* 
Blantly  in  a  fluid  stale  at  the  temperature  «f  our  dinuUe.  F*- 
tassium,  sodium,  tint  biaretudi,  lead,  tellurium)  wrsenic*  no^ 
antimony,  and  cadmium,  nil  melt  at  a  tcmpcratuiw  below  tbil 
of  viabk  redn««ft,  and  io  (he  ot>dcr  ect  dooot  tba  atofit  finibli 
beiag  placed  fini.  SiUer,  coppet,  gold,  cobalt,  uoo,  mii^ 
B««e,  nickd.  Mid  palla^ufn,  all  require  a  ctd  btst.  Uoly^ 
defuwi»  uraniiKQ,  tangstcn,  and  ckromiuni,  afC^aiaalbfiMihK 
and  GOABOt  be  »btaiiMed  |py  tiic  heat  o(  u  fipffe  in  cowpMt 
buttons,  but  fuse  inider  the  oxygen  and  hydrogen  blotr-pips. 
Titanium,  cerium,  odinium,  iridium,  rhodium,  platinum,  and 
columbiuio,  are  infusible  by  the  forge,  but  yield  t^  the  power* 
ofttie  oxygen  and  hydrogen  blow-pipe. 

8.  One  of  the  most  useful  propertie*  of  the  meuls  i*  their 
mallealiiujf,  or  capacity  of  being  extended  by  live  blows  of  a 
hammer.  Jn  this  quahty,  gold  takes  place  of  all  the  re«. 
The  gold  leaf,  which  is  told  iji  hooka,  is  io  eUwmely  itun, 
that  less  than  five  grains  cover  a  surface  of  about  27«i  eqiiarc 
iodies;  and  the  thickness  of  each  leaf  t\on  not  exceed 
-mrVr^'l'  pot  of  an  inch.  All  the  metnls,  howcvw,  are  net 
martBeWc,  G«ld,  platnium,  silver,  paThidiutn,  mereurr  (i« 
it*  frozen  ««te),  copper,  tror,  lead,  rii>,  zmc,  and  niefcei,"  tat 
the  only  ones  to  which  this  property  bekmg^  The  rwl,  m 
aeeouM  of  their  briMfeneaB,  w«re  JbrmeHy  catted  xmi^mtfii. 
^rtrfnee,  even  In  these,  a  diratniRhing-  progrmioa  «f  bmi1< 
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ieslnlitj  nutj  be  obsenred,  the  distSnctlon,  though  retained  ia 
oomnum  bngoagc,  is  very  property  rejected  from  chemical 
and  mineralogical  systems. 

9.  AH  Ae  metals,  tJiat  have  been  described  as  malleable 
(villi  the  exeeption,  perhaps,  of  nickel)  are  also  ductile,  or 
may  be  formed  into  wire.     Iron,  thongfa  so  hard  a  metal,  may 
be  drawn  into  wire  not  thicker  than  a  human  hair.     A  grain 
of  goM,  It  has  been  asserted  by  Boerrhaave,  has  been  ex- 
toided  into  wire  of  the  length  of  500  feet;  but  even  this  has 
been  anrpasscd  by  Dr.  Wollaston ;   for,  by  surrounding  the 
goH  with  8iE?er,  he  has  been  able  to  extend  it,  so  that  700  feet 
weighed  only  1  grain,  which  gives  a  thickness  of  only  Tv.Wf^ 
rfan  indi.    TTie  coating  of  silver  was  afterwards  removed 
b^  nitric  acid,  which  has  no  action  on  gold.     Silver  too  is  ex- 
tremely dnctSIe ;  so  also  are  platinum,  iron,  copper,  zinc,  tin, 
Va^lj  nickel,  palladium,  and  cadmium,  in  the  order  set  down ; 
■id  this  property  belongs  to  even  some  of  the  compound  me* 
tdi,  especially  to  brass,  which  may  be  drawn  into  wire  of 
giest  fineness.    It  may  be  observed,  however,  that  the  moat 
loefile  metals  are  not  riways  the  most  malleable ;  iron,  for 
mstance^  though  extremely  ductile,   cannot  be  beaten  into 
leiy  diin  lamins. 

10.  "Wires  of  die  same  diameter,  but  of  different  metals^ 
are  found  to  be  capable  of  sustaining  very  different  weights. 
This  arises  from  their  variable  tenacity^  which  is  estimated 
by  gradually  adding  weights  till  the  wire  is  broken.  From 
the  experiments  of  Guyton  Morveau,  the  following  are  the 
Qtmost  weights,  which  wires  of  0.787  of  an  English  line  in 
diameter  can  support  without  breaking. 

Ibf*     dccT* 
avolrd.  |Mrlf. 

A  Wire  of  iron  supports  549.250 

copper     301^.273 

. —  platinum 274.320 

.     ■  silver        187.137 

gold         150.753 

zinc  109.540 

tin  $4,630 

lead  —    27^21* 

•  71  Ann.  de  Chim.  18S, 
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The  tenacity  of  tin  is  greatly  inferior  to  that  of  gold;  and 
lead  has  still  less  tenacity  than  tin,  and  even  than  aonie  sorts 
of  wood. 

11.  Some  of  the  malleable  aud  ductile  metals  have,  also^  t 
high  degree  of  elasticity.  This  property  fits  them  fiur  being 
applied  to  the  mechanical  purpose  of  springs.  Sted  and  iron 
are,  in  this  respect,  superior  to  all  other  metals.  Upon  the 
properties  of  elasticity  and  hardness,  appears  also  to  depend 
that  ofjitness  for  exciting  soundf  for  whatever  renders  metak 
harder  and  more  elastic,  increases  also  their  s<morousness. 
Thus  bell  metal  is  more  remarkable  for  those  properties,  than 
either  tin  or  copper,  which  are  its  constituents.  • 

1 2.  The  structure  or  texture  of  several  of  the  metals  appean 
to  be  crystalline.     That  of  iron,  developed  by  the  action  of 
solvents,  has  been  shown  by  Mr.  Daniel  to  be  fibrous.    Bis- 
muth and  antimony  have  a  lamellated  texture;  nickd  presenti 
a  fracture  between  fibrous  and  foliated;  and  steel  is  granolar. 
Several  of  the  metals,  when  melted  and  cooled  under  iaTO- 
rable  circumstances,  form  regular  crystals.     Thus  bismudif 
melted  in  a  crucible,  and  sufiered  to  cool,  becomes  covered  wkh 
a  crust,  and  when  this  is  pierced,  and  the  fluid  beneath  allowed 
to  flow  out,  the  cavity  is  found  studded  with  beautifully  regulir 
cubic  crystals.     Arsenic  crystallizes  in  regular  tetrahedfOD% 
and  titanium  in  long  slender  filaments  or  prisms. 

Beside  the  circumstances  of  agreement  in  their  physical 
qualities,  which  have  been  enumerated,  the  metals  resemble 
each  other,  also,  in  their  chemical  properties.  Some  of  these 
resemblances  it  may  be  proper  to  state,  for  the  purpose  of 
avoiding  unnecessary  repetitions. 

The  metals,  so  far  as  we  know  at  present,  are  simple  or  ele- 
mentary bodies,  and  are  completely  incapable  of  being  con- 
verted into  each  other.  They  were  formerly,  indeed,  contide^ 
ed,  but  on  very  insufiicient  evidence,  to  be  composed  of  a  com- 
bustible base,  peculiar  to  each  metal,  united  with  a  general  pris- 
ciple  of  inflammability,  which  received  the  nameofpA&gisfoii. 
When  the  metals  are  exposed  to  a  strong  heat,  the  first  change 
which  is  produced  in  them  is  that  they  melt,  or  run  into 
fusion.    This  effect  takes  place,  in  the  different  metals,  at  ^erj 
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iarent  tempemturet.  Some  of  them  may  be  made  to  boil, 
i  are  actually  converted  Into  vapour,  at  a  heat  considerably 
vm  redncM ;  while  others  require  a  very  intense  heat  far 
ir  fiisioii.  By  a  suflBcient  elevation  of  temperature  it  is 
liable,  hoiwever,  that  they  would  all  be  volatilized;  for 
tinum  itself,  which  does  not  melt  at  a  less  heat  than  170^ 
(Vedgwood,  has  been  observed  to  boil,  when  placed  in  the 
u  of  a  powerAil  burning  lens.*  In  some  of  the  metals,  no 
lier  change  b  produced  by  the  application  of  heat  with  the 
» access  of  air;  and  they  return,  on  cooling,  to  their  for- 
r  condition.  But  other  metals  undergo  a  very  remarkaUe 
iige.  Their  cohesion,  lustre,  malleability,  tenacity,  and 
the  properties  that  have  been  described  as  characteristic 
Item,  are  destroyed.  Though  their  alsohite  weight  is  in- 
saed,  yet  they  become  specifically  lighter,  and  they  are 
tinguished  by  a  new  train  of  properties  which  were  not  ob- 
red  in  the  metals  themselves. 

rhese  changes  have  been  very  differently  explained,  at  dif- 
snt  periods  in  the  history  of  chemical  science.  On  the 
cry  of  phlogiston,  they  were  accounted  for  by  assuming 
t  the  metals,  during  the  process  of  exposure  to  air  at  a  high 
iperature^  abandon  their  phlogiston,  which,  it  was  snp- 
led,  unites  with  the  air  and  renders  it  phlogisiicated^  and 
isequently  unfit  for  supporting  the  combustion  of  other  in- 
Qomable  bodies.  The  hypothesis,  however,  could  no  longer 
maintained,  when  it  was  proved  that  the  metals,  so  far  from 
ing  weight,  become  heavier  after  calcination. 
The  theory,  which  is  now  almost  universally  admitted,  as 
H  explaining  the  phenomena  in  question,  though  suggested 
the  hints  furnished  by  preceding  discoveries,  was  first  re- 
ced  to  a  systematic  and  consistent  form  by  Lavoisier.  The 
HaiSf  according  to  the  views  of  that  philosopher,  are  sim- 
s  bodies,  and  undergo  the  changes  that  have  already  been  do- 
ribed,  in  consequence  of  the  absorption  of  oxygen  firom  the 
r.  Hence,  while  the  metallic  body  becomes  heavier,  the  air, 
iHiich  the  process  is  performed,  should  sustain  a  proportional 
ninntion  of  weight.    That  this  is  the  fiict,  admits  of  beii^ 


*  Annalet  do  CUinJe,  hdz.  99. 
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demoiwtrated ;  md  sttU  more  remiiiy'aiMl  Bttkfiietoiily,  if  we 
employ  oxygen  gA9  instead  of  eormnon  air.  A  certain  qoantily 
of  oxygen  gas,  (or  the  whole  indeed,  under  ftroaraUe  dremiir 
stances)  disappears ;  and  the  increase  of  weight  in  the  metal  it 
fbimd,  on  examination,  to  be  precisely  equivalent  to  that  of  the 
gas  which  has  been  condensed.  In  some  cases,  we  ean  even  go 
fiurther,  and  separate  the  oxygen  from  the  metal  by  the  mere 
application  of  heat,  the  oxygen  being  recovered  in  the  state 
of  gasy  and  the  metal  returning  to  a  metallic  form*  More 
satisfactory  evidence  than  this  could  scarcdy  be  required  of 
the  nature  of  the  change  which  takes  place ;  and  k  may  be  ad* 
mitted,  therefore^  as  an  established  truth,  that  metals  lose  their 
metallic  properties,  in  consequence  of  their  combination  with 
oxygen.  The  process  has  been  called  fay  Lavoisier,  axUatiomf 
and  the  result  of  it  an  oxide.  For  the  former  term,  however, 
Mr.  Chevenix,  influenced  by  reasons  which  are  stated  in  hii 
work  on  chemical  nomenclature,  has  proposed  to  substitute 
that  of  oxidixemefiL  In  the  following  pages,  I  shall  employ 
both  these  expressions  indiscriminately. 

The  phenomena  and  results  of  the  oxidtzement  ofmetab 
are  not  the  same  in  all  cases,  but  difier  very  consideraUy  with 
respect  to  different  metals. 

1 .  Some  metals  are  oxidized  by  mere  exposure  to  atmo* 
spheric  air  at  the  ordinary  temperature,  and  even  to  air  which 
has  been  deprived  of  its  hygrometric  water.  Arsenic,  msn- 
ganese,  and  the  new  metals  discovered  by  Sir  H.  Davy,  are 
perhaps  the  only  ones  which;^have  been  proved  to  possesidui 
property.  Potassium,  indeed,  has  been  stated  by  Thenard  to 
be  the  only  metal  that  is  acted  upon  by  perfectly  dry  oxygen 
gas.  Others,  it  is  true,  as  lead  and  copper,  are  changed  by 
the  action  of  the  air,  but  extremely  slowly,  and  not  wiAont 
the  conjoined  operatbn  of  moisture. 

2.  Other  metals  absorb  oxygen  from  the  atmo^here,  bat 
not  without  a  considerable  increase  of  their  temperatmt. 
Iron,  rinc,  copper,  tin,  &c.  when  heated  to  redness,  lose  their 
metallic  lustre,  and  are  slowly  converted  into  variously  co- 
loured oxides.  In  some  instances,  the  process  is  accompanied 
with  so  abundant  an  extrication  of  light  and  heat,  as  to  exhibit 
a  vivid  inflammation.   This  happens,  chiefly,  with  some  of  the 
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volitile  meCali.  Anenic  and  zinc,  for  examplei  when  pro^ 
jected  into  a  red*hot  crucible^  emit  a  brilliant  flame.  In  other 
JDelaI%  the  process  is  unaccompanied  by  any  remarkable  phe« 
aomeoMf  and  is  known  to  have  taken  place  only  by  its  results. 
To  convert  the  metals  into  oxides,  there  is  a  degree  of  heat, 
which  is  peculiar  to  each  metal,  and  even  to  different  oxides 
<ifthe  same  metal.  Mercury,  for  example,  is  oxidized,  at  a 
degree  of  heat  which  produces  no  change  on  iron ;  and  lead 
at  one  degree  of  temperature  becomes  minium,  at  another  mas- 


S.  With  the  exception  of  mercury,  the  metals,  which  have 
heen  called  perfect  (comprehending,  also,  gold,  platinum, 
silfer,  and  palladium,)  are  not  oxidized,  even  by  the  combined 
eperatioDs  of  air  and  of  au  increased  temperature.  Gold, 
«lfer,  and  other  metals  of  this  kind,  may  be  kept  for  many 
days  in  fusion,  without  undergoing  any  change.  That  they 
bsve  an  affinity,  however,  for  oxygen,  and  are  even  capable 
<if  taking  it  from  atmospheric  air,  is  proved  by  the  effect  of 
sn  electrical  or  galvanic  battery.  By  the  former,  the  wires 
ef  the  perfect  metals  are,  at  the  same  moment,  dispersed  into 
maoke  and  oxidized;  and  by  transmitting  a  powerful  dis« 
charge,  through  any  of  the  perfect  metals  beaten  into  thin 
leaves,  the  metal  bums  with  a  remarkable  degree  of  splendour. 

4.  All  metals  that  are  oxidized  by  atmospherical  air,  are 
still  more  readily  oxidized  by  oxygen  gas.  In  many  cases  a 
metal,  which  undergoes  this  change  slowly  and  invisibly  by 
the  acti<m  of  air,  takes  fire  in  oxygen  gas,  and  exhibits  a 
bright  inflammation.  For  example,  it  has  already  been  shown, 
that  iron  wire  may  be  entirely  and  vividly  consumed  in  oxy- 
gen gas. 

These  are  the  most  simple  cases  of  metallic  oxidizement. 
h  order  that  the  changes,  which  have  been  described,  may 
take  places  it  is  only  necessary  that  there  should  exist  a 
stronger  affinity  between  oxygen  and  the  metal,  than  between 
the  oxygen  and  light  (and  perhaps  the  electricity)  which  con- 
stitute the  gas ;  and  fusion,  and  other  modes  of  promoting  the 
Oxidation  of  metals,  are  probably  efficient  by  overcoming  the 
cdieaiTe  attraction  of  the  metallic  particles.    In  certain  cases, 

▼OL.  I.  2  H 
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flte  phenomeiiA  bMotme  mbre  ooiifplioftl)0ti»  audi  tte  mtital 
quires  oxygen  hy  the  decomponlion  of  fiome  ocber  eompouiid^ 
lli  which  that  ekment  is  present  Of  these  sotmses  ot^mjgm^ 
Ae  most  important^  if  not  the  only  ones,  are  water,  the  mdUk^ 
amd  othe^  oxides ;  or  compottnds  containing  one  or  waore  erf* 
these  substances. 

I.  Water  gires  up  its  oxygen  to  those  metals  only,  which 
manifest  a  powerfol  affinity  for  that  basi%  and,  generally 
iq)eaking,  to  those  which  are  most  efficient  in  deeonposing 
atmospherical  air.  The  metallic  bases  of  the  alkalis  and 
earths  decompose  it  with  a  rapidity  which  amomiCi  to  actual 
itlflammation ;  but,  in  general,  the.  change  is  ridw  at  ewaBMH 
temperatures.  Iron  filings^  ibr  example^  when  woistensd 
widi  water,  and  confined  in  an  inserted  jar  oter  lirsnty, 
become  very  gradually  oxidized,  and  evolve  hydrogen  gin. 
But  water^  brought  into  contact  with  red-hot  iron,  is  rapidly 
decomposed,  and  hjrdrogen  gas  is  disengaged  in  torrents. 

Water,  it  is  observed  by  Gay  Lussao^  has  the  power  of 
bringing  all  metals^  on  wUch  it  is  capable  of  acting  aiooc^ 
to  the  same  d^ree  of  oxidation  as  when  assisted  by  die  action 
of  acids,  sometimes  to  a  higher  degree^  hot  never  to  an  in* 
ftrior  one.  Thus  water  by  itself  oxidizes  thi  to  the  majmwM^ 
nnd  !ix>n  and  potassium  to  the  fifedimnj  bat  niingfcd  with 
acids,  it  oxidates  iron  and  tin  to  the  mmhrntm  only. 

II.  All  those  acids  in  which  oxygen  has  l>een  provwl  to 
exist,  and  especially  those  which  Dr.  Thomson  luis  cidled 
supporters  of  comlmstiwt,  and  the  neutral  salts  containing  them, 
are  efficient  means  of  oxidizing  the  metals.    In  geneml,  the 
less  strong  the  affinity  of  the  acid  base  for  oxygen,  the  more 
rapidly  is  the  metal  oxidized.  Those  acids,  that  have  not  been 
inrovcd  to  contain  oxygen,  are  remarkably  inert  in  their  action 
on  metals;  and  the  same  inactivity  belongs  to  odier  acidta^ 
ih  which  the  oxygen  and  base  are  held  combined  by  a  pow«r> 
ftl  affinity.    Tlius,  concentrated  sulphnrii^  add,  at  the  tsftt* 
perature  of  the  atmosphere,  scarcely  attacks  any  of  Hhonietdb^ 
l)ecause  the  oxygen  and  sulphur,  of  which  it  conaiirtB,  fordM^ 
attract  each  other.    On  the  other  hand)  die  nitrie  md  nitto- 
muriatic  acids,  in  which  there  exists  a  large  qnatotil^  of  looaeiy 
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tMMMH«d'Wyg|«kn  i^tf^  -ubimA)!)  a  )(»ift  of  it,  ftftd  adt  on 
the  metals  with  considerable  energy.  Even  the  perfect  me* 
Hdft-iMf  teiAuM  by  tfa«  Jafttatiff)  and  thtto  trie  obtain  proof 
fliit  A^  tMUbiiee,  nAddi  tht  p<<tfect  met&k  sfaopw  to  tYi^  actfon 
«ifwy0efi  gal^  is  not  oirfng  to  their  Warn  of  af^tty  for  that 
biiriB^  btrt  tef  the  f%^oininftM;&  *of  other  opposing  forces. 

Solttie  of  thie  add^^  >i4i1dh  do  not,  in  their  cicAieerftratied 
ibtt^  «cl  iip6tt  twdtal^  acqaire  thepo#(fr  of -oicidizing  theiii^ 
«llMii38ttted  With  wat^.  This  is  true  of  the  sulplrafric  and 
muriatic  acids,  to  either  of  which,  when  concehtarated^  We  may 
Hp^f  iMk  ^t  zinc^  wlfbotft  any  oholig^  Msaing.  Buft  on 
iMit^  yfMtftj  thfe  HMsA  dt^ppeat^  and  htydtogm  gab  is 
AMMfliUtly  ^Hdved.  ^tkm  it  is  a  principle,  to  whidi  no  ex^ 
iSiipiM  hak  yet  been  ^scotered,  theft  a  Metal  cannot,  in  its 
flMMtly  metallic  stifte,  miite  with  any  acid,  hi  order  to  b^ 
AM>lv«d»  it  mutjt'finft;  be  brought  into  the  state  of  an  oKtde; 
and  in  die  cate  which  lias  been  just  n6W  stated,  no  substance^ 
fapfjUe  iof  furnishing  tftygeity  is  in  contact  whh  the  iron  ex- 
^jtpt  araftef  .  As  an  ladditiotnil  proof  th^  water  is,  in  this  iu- 
Mtoeifr,  dtb  80fifcet)f  ihe  oxygen,  it  has  been  ascertained  that 
tN>  p&rtHM  of  the  acid  is  decomposed;  but  that  the  saiDife 
kftiiiAiy  of  add  exists  in  cotnbination  with  oxide  of  iron,  as 
Uttt  i6r^iAifly  ^ubnf^itted  to  experiment. 

By  ttiMsttrtttg  the  qusMlty  of  hydrogen  gas,  evolved  in  ex- 
pfeliifcietrta  tff  this  kind,  it  is  easy  to  calculate  how  much  oxy- 
^geh  'the  tkiHal  haft  acquh>cd ;  for  every  1 60  cubic  inehes  c^ 
iytfroggti  gtti;  indicate  the  transforctire  to  the  metal  of  I6.d 
g|f«Rfttir«rf  ojcygen.  Equal  weights  of  dijOfin^nt  metals  evottfe 
dMfeytht  t|Mtttitiieft  of  hydrogeft  gas,  in  cbftsequence  of  their 
combfirii^^rith  dillbrent  qmimities  of  oxygen.  If  100  grains  of 
iMie'hfeial,  for  -example,  in  ofdcf  to  b^donre  sohible  in  sulphu- 
ric ttcid^  require  20  gtains  tff  oxygen,  and  another  only  10 
gltehn,  this  imnee  in  an  equal  weight  trill  disengage  twice  as 
MinA  hydrogen  gas  as  tlfc  laftef .  The  stfme  metal,  also,  m 
#iltimt  states,  may  evolve  different  quantities  of  hydrogi^n. 
\%  ftr  Aauiple,  the  metal  be  already  a  little  oxidized,  it  will 
fltfl  at  Iflherty  less  hydrogen  than  if  it  were  pierfeetly  metolliif^ed. 
t)!!"  this  principle,  the  different  ptoportitfns  of  real  nietkl  in 
alWFital  vaticAies  of  irtm  attA  sted  have  been  invcsrigtftfed,  tl^e 
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most  pcrrectly   metallized  iron  yielding,  of  course,  the  most 
hydrogen  gns. 

The  phenomena,  observed  during  ihe  solution  of  n  metal, 
and  those  attending  the  solution  of  its  oxide.  In  the  same  acid, 
are  essentially  diScrent.  For  ihe  most  part,  a  metul  i»  dis- 
solved with  effervescence,  an  appearance  always  occasioned  by 
the  escape  of  gas.  Iron,  It  lias  already  been  staled,  effervesces 
strongly  during  its  solution  in  diluted  sulphuric  acid;  but  the 
black  oxide  of  that  metal  is  taken  up  silently,  and  without  any 
discharge  of  gas. 

III.  The  metals  may  be  oxidized  by  the  transfer  of  oxygen 
from  other  metallic  oxides.  Thus,  when  iron  filings  are  dis- 
t'dled  with  the  red  oxide  of  mercury,  the  oxygen  passes  lo 
the  iron,  and  the  mercury  is  revived,  gr  appears  in  a  metallic 
state.  In  a  similar  manner,  the  oxides,  held  in  solution  by 
acids,  are  decom|x»sed  by  inimerslng,  in  the  solution,  other 
metals.  When  copper,  for  example,  is  immersed  in  a  solu- 
tion of  nitrate  of  mercury  (consisting  of  oxide  of  mercury  and 
nitric  acid)  the  latter  metal  is  deprived  of  its  oxygen  by  llie 
former,  and  appears  on  the  surface  of  tlic  copper  in  a  revived 
state.  The  nitrate  of  copper,  which  is  thus  produced,  is  pr^ 
cipUated  by  iron,  which  has  a  stronger  affinity  than  copper 
for  oxygen.  A  variety  of  similar  examples  might  be  given, 
in  which  the  precipitating  metal  takes  oxygen  from  that  which 
is  precipitated.  In  cases  of  this  sort,  it  must  be  confessed  that 
the  comparative  affinities  of  the  acid  for  the  oxides  uf  the  two 
metals  may  have  some  share  in  the  cffl-ct,  but  much  leas  than 
the  alhnllies  of  oxygen  separately  considered.  The  precipitated 
metal,  also,  is  seldom  quite  pure,  but  almost  always  contaliu 
a  portion  of  the  metal,  which  has  caused  the  prcclpitatioi). 

From  an  attentive  examination  of  tacts  of  (his  kind,  Laroi- 
sicr  has  deduced  Ihe  proportion  of  oxygen  necessary  lo  the 
solution  of  different  metals,  according  to  this  analogy;  As  llu 
<fuanfilt/  of  Ihe  pneciriTANT  is  lo  l/ial  of  the  piiecipitatxd 
metal,  so  is  (he  quantity  ofoxygsn  necessary  Ji>r  the  soUttkit  >J 
the  precipitated  lo  that  necessary  for  the  solution  of  ihe  preripi- 
tant.  For  example,  ii  liaa  been  found  by  cxperimeni  tint 
1S5  grains  of  mercury  arc  necessary  for  the  prcciptt4ilioq^^| 
)00  grains  of  sliver  from  the  nitric  acid.     It  is  evident,  Ui^H 
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that  ld5  grains  of  mercury  require,  to  become  soluble  in  nitric 
icid,  the  same  quantity  of  oxygen  as  100  grains  of  silver ;  and, 
Aerefore,  as  100  to  135,  so  is  the  quantity  necessary  to  render 
idable  100  grains  of  mercury,  to  that  necessary  for  the  so- 
lution of  100  grains  of  silver.  Now  eight  grains  of  oxygen 
ire  necessary  to  the  solution  of  100  grains  of  mercury;  and 
therefore  10.8  grains  must  be  required  for  the  solution  of  100 
grains  of  silver.  By  an  extension  of  the  same  experiments  to 
other  metals,  Lavoisier  formed  a  table  of  the  quantity  of  oxy- 
gen necessary  for  the  solution  of  all  the  metals ;  but  I  omit 
giving  it  in  this  place,  because  subsequent  discoveries  have 
pointed  out  several  inaccuracies,  with  respect  to  individual 
oxides. 

Such  are  the  principal  means  of  effecting  the  oxidation  of 
metals.  Different  individuals  of  the  class,  it  has  already  been 
stated,  combine  with  different  proportions  of  oxygen ;  and 
it  has  been  conceived  by  M.  Frere  de  Montizon,  that  a  rela- 
tion exists  between  the  specific  gravity  of  the  metals,  and  the 
quantity  of  oxygen,  with  which  they  are  capable  of  uniting, 
the  oxygen  being  either  a  multiple  or  submultiple  of  the 
density.*  Thus  the  specific  gravity  of  manganese  being  7,  the 
oxygen  of  the  protoxide  is  by  experiment  28.1,  which  is  very 
nearly  a  multiple  of  the  density  by  4.  The  law,  however, 
cannot  be  considered  as  generally  established.  If  it  were  to 
hold  good  universally,  it  would  indicate  the  existence  of  a 
rdation  between  the  density  of  metals  and  the  weight  of  their 
atoms. 

The  same  metal,  it  may  be  added,  is  susceptible  of  di£Perent 
degrees  or  stages  of  oxidation.  Iron,  forexample,  when  united 
with  oxygen  in  theproportionof  29.5  grains  or  thereabouts,  to 
100  grains  of  metal,  composes  a  i/ac*  oxide;  and  with  43.5 
parts  ot  oxygen  to  100  of  metal  it  constitutes  a  red  oxide. 
These  different  oxides  of  the  same  metal  have  not  only  different 
colours,  but  each  of  them  is  characterized  by  a  distinct  train 
of  chemical  properties,  and  especially  by  different  habitudes 
with  respect  to  the  acids.  Thus  the  black  oxide  of  iron  readily 
unites  with  muriatic  and  sulphuric  acids ;  but  the  red  oxide 

^  Ann.  de  Chun,  et  Pbys.  ?ii.  7.    Thomson's  Ann.  xii.  8. 


Ies0  ^09(y.  TIm  9^rA  «(Ub  bas^  ^  the  p)PgilkN(i«k  of  ano  tiSMk 
avjute  precipice  With  triply  {^uwate  of  f^pIlN^;  «AdM«i9«i 
all  wkk  Ibe  gaUic  «€k),  ^  wUh  aulpbvreHe4  by^rggeA*  Bulk 
the  sate,  in  whioh  the  iron,  \fi  m,  the  mat^^o^mi^  uf  QVJdaMMW 
give  a  de^blue  cpoipouad  with  tb!%  l»ple  pniawal^  and  % 
black  one  with  th^  g^lMo  aoid!. 

It  is  ao  interesting  qiieslk>]^  wbet^v  the  «iKBe  metal  i$  ee^i 
pable  of  ttnking  wirh  OKygen»  in  9il  pr<?)peirtione  belmtfHEi  the 
maximum  and  mioimuBi,  e^  whether  h  doeft  net  rather  oofli- 
bjae  with  that  prinicipfe  id^^  a  few  proporiieiia  ealyt  belwees 
whioh  there  are  no  intermediate  e^o^poiuMli.  Are  ther«^  t» 
exaniplie»  only  twooxid^  of  oaeFOMffy^  the  iliBkcky  cnwMifitM^  af 
100  parts'  of  metal  united  with  four  of  oxygen;  and  the  faA 
composed  of  the  same  quantity  of  metal  and  eight  parts  of 
oxygen  ?  The  (leteri»ination.  of  thi^  poJ#t  requires  more,  fice- 
ciae  and  multiplied  appeals  to  experimee^  than  have  hiiheito 
been  made,  before  it  can.  be  laid  down  as  a  principle^  from  whkii 
there  is  no  cxoeptiien,  that  every  metal  iHiiles  with  oxj^gtn 
only  in  a  few  defifiite  proporiionja«  But  in  a  great  rariety  of 
cases,  where  the  question  has  been  accurately  inyestigaitodi 
different  oxides  of  the  same  metal  have  been  proved  tacootaia 
oxygen^  in  proportions  which  are  simple  multiples  or  diviaois 
of  each  other,  and  in  no  others;  and  the  fact  will  probably  be 
established  with  respect  to  all  other  oxides.  It  is  by  no  meaai 
necessary,  however,  that  tiie  possible  number  of  oxides  of  aay 
one  metal  should  be  limijted,  as  Proust  has  su|^K>sed,  |o  two; 
for  it  is  perfectly  consistent  with  the  atomic  hypothesis  that 
there  may  be  three,  four,  or  even  a  greater  number  of  oxides 
efeach. 

It  liad  been  long  known  that  of  different  oxides  «f  the  saM 
metal,  the  one  which  contains  a  larger  proportion  of  oxygea 
is  capable  of  saturating  nuu^e  acid,  than  the  one  which  coo^ 
tains  less.  I'his  was  ascertained  hy  Proust,  wiiK  respect  la 
the  two  muriates  of  copper,  as  appears  from  the  foUoviag 
statement,  which  atiU  holds  true,  if  we  consider  the  salts  as  ia 
a  state  of  solution,  or  aa^  true  mmiahiSf  aad  not  chlorkhM. 

{100  copp^. 
^4.57  oxjgen. 
M.iSaokL 
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{lOQ  ooiifier. 
12.28  axygoQ. 
41.59  acid. 

The  Mme  Uur  qipean,  also,  from  the  experimento  of  Sir  H^ 
Dsfy,  to  apply  to  the  osides  of  potassium  and  sodium.  To 
this  principle^  an  important  addition  has  been  proposed  by 
Gay  Lnssacy*  and  supported  by  a  variety  of  illustrations ;  yisu 
thai  ihe  quantity  of  acid,  which  different  metals  require  for 
satmraiimj  is  in  cBred  proportion  to  the  quantity  of  oxygen  in 
ikeir  oxides.  Let  us  suppose,  for  example,  that  of  any  two 
metals,  A  combines  widi  twice  as  much  oxygen  as  B ;  then,  a 
gtren  weight  of  the  oxide  of  A  will  neutralise  twice  as  much 
of  any  given  acid  as  an  equal  weight  of  the  oxide  of  B. 

The  solubility  of  the  metallic  salts  in  water,  it  has  been  ob* 
aenred  by  Gray  Lussac,  bears  a  proportion  to  the  quantity  of 
<ixygen  in  the  oxides ;  and  consequently  to  the  quantity  of  add 
widi  which  that  oxide  is  combined.  Salts,  in  which  the  metal 
is  at  the  minimum  of  oxidation,  are  generally  those  which  are 
Bost  insoluble.  This  is  the  fact  with  respect  to  the  salts  of 
lead,  silver,  and  mercury ;  for  these  are  metals  which,  at  the 
minimum  of  oxidizement,  take  very  little  oxygen,  and  conse^ 
qoeotly  very  little  acid.  A  similar  law  seems  applicable 
to  the  compounds  of  chlorine,  for  corrosive  sublimate,  which 
contains  the  largest  proportion  of  that  element,  is  much  more 
soluble  than  calomel. 

It  has  been  deduced  by  Berzelius  f  as  a  general  principle^ 

from  the  comparison  of  a  great  number  of  facts ;  that  in  all 

iientral  sahs,  the  oxygen  dP  the  acid  is  a  multiplication  of  that 

of  the  base  by  some  entire  number.     The  law,  he  apprehends^ 

tHay  be  expressed  more  generally  in  the  following  terms  t 

H^hen  two  oxidated  substances  enter  into  a  neutral  combination^ 

^he  oocygen  of  that,  which  in  a  galvanic  circle,  would  be  attract^ 

^to  the  positive  pole,  is  a  multiplication,  by  an  entire  number^ 

of  the  oxygen  of  that,  which  tvmdd  be  deposited  at  the  negatwe 

pok.    For  example,  279  parts  of  protoxide  of  lead  contafaa 

^9S8  parts  of  oxygen,  and  saturate  100  parts  of  sulphuric 

add,  which  coQtdn  59.95  pasts  of  oxygen.    Now  the  oxygcft 
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of  the  oxide  19.95  x  S  =  59.85,  which  is  precisely  the  oxygeD 
of  the  acid.  The  same  coincidence  holds  good  in  a  variety  of 
other  instances.  The  composition  of  a  metallic  oxide  may» 
therefore,  be  deduced  if  we  know  the  quantity  of  any  add^ 
also  of  known  constitution,  which  is  required  to  neutralize  it, — 
a  method  of  investigation  which  may  be  resorted  to  with  ad- 
vantage, when  the  composition  of  an  oxide  cannot  be  directly 
proved  by  analysis  or  synthesis. 

There  is  a  certain  state  of  oxidation,  peculiar  to  the  diF* 
ferent  metals,  in  which  they  are  most  readily  acted .  upon  by 
the  several  acids.     Iron  and  manganese,  for  example,  at  the 
maximum  of  oxidizement,  are  altogether  insoluble  in  nitric 
acid ;  but  readil}^  dissolve  in  it,  when  combined  with  a  smaller 
proportion  of  oxygen.     Even  when  once  brought  into  combi- 
nation with  tliat  acid,  the  oxide,  by  attracting  a  further  quan- 
tity of  oxygen  from  the  atmosphere,  or  from  any  other  source^ 
is  separated  in  the  state  of  an  insoluble  precipitate,  whicb, 
however,  does  not  consist  of  pure  oxide,  but  of  the  oxide,  with 
a  certain  proportion  of  acid.      This  explains    the   change^ 
which  is  produced  in  solutions  of  iron,  by  keeping  them  ex- 
posed to  air.     The  oxides  of  iron  and  manganese,  saturated 
with  oxygen,  are  soluble,   however,  in  the  less  oxygenated 
acids ;  for  example,  in  the  sulphurous  or  nitrous,  which  first 
deprive  the  oxide  of  part  of  its  oxygen,  and  then  dissolve  the 
less  saturated  oxide. 

Every  acid,  with  a  few  exceptions,  is  capable  of  uniting  with 
each  individual  of  the  classes  of  alkalis,  earths,  and  metallic 
oxides.  In  these  compounds,  the  separate  qualities  of  the  com- 
ponent principles  arc  in  many  instances  no  longer  apirarent, 
and  hence  they  have  been  called  neutral  salts.  In  every  salt, 
then,  there  are  present  two  distinct  ingredients.  Hie  acid,  of 
whatever  kind  it  may  be,  has  been  denominated,  by  Lavobier, 
the  salifying  principle  ;  and  the  body,  with  which  the  tcid  ii 
combined,  whether  an  alkali,  an  earth,  or  an  oxide  of  any  of 
Xhe  common  metals,  the  salifiable  base,  or  simply  the  base.  The 
aalts,  formed  by  an  individual  acid  with  all  the  different 
bases,  maybe  considered  as  a  genus  or  class;  and  may  be* 
distinguished  by  a  generic  name,  expressive,  in  part,  of  their 
composition.  This  generic  name  is  taken  from  that  of  the 
acid.    The  combination  of  sulphuric  addy  for  initanc^  with 
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any  base,  is  called  a  sulpliat  or  sulphate  ;  of  phosphoric  acid  a 
phosphate  ;  and  so  of  the  rest.  The  name  of  the  individual  salt 
is  derived  from  that  of  the  base.  Thus  we  have  the  sidphat  of 
fotash,  the  snlphat  of  soda,  &c.  But  sulphur,  phosphorus,  and 
ocber  bodies,  it  has  already  been  observed,  are  susceptible  of 
diflferent  degrees  or  stages  of  oxygenation ;  and  allbrd,  in 
these  different  stages,  acids  which  arc  characterized  by  a  pe- 
culiar train  of  properties.  The  compounds,  also,  which  result 
from  the  union  of  two  diiFerent  acids,  havincr  the  same  com- 
bostible  base,  with  alkalis  and  earths,  are  altogether  different 
from  each  other.  The  salt,  for  example,  which  sulphuric  acid 
affords  with  potash,  is  wholly  unlike  that  which  results  from 
the  combination  of  sulphuro//5  acid  with  the  same  base.  It 
was  necessary,  therefore,  to  distinguish  the  compounds  of  the 
more  oxygenated  from  those  of  the  less  oxygenated  acid ;  and 
this  has  been  done  by  changing  the  termination  from  ate  to 
i/e.  Thus  the  salts,  formed  with  sulphurous  und  phosphorous 
acids,  are  called  sulphites  and  phosphites :  as  sulphite  of  pot- 
ash, phosphite  of  soda,  &c. 

An  important  law  has  been  deduced,  by  Berzelius,  respect- 
ing the  combination  of  acids  with  bases,  viz.  that  the  quavtU 
ties  of  different  lasesy  required  to  saturate  a  given  quantity  of 
am/  acid,  all  contain  the  same  quarftily  of  oxygen,  lor  example, 
100  parts  of  sulphuric  acid  are  saturated  by  a  quantity  of  any 
base,  containing  20  parts  of  oxygen;  and  100  parts  of  muri- 
atic acid  by  a  quantity  of  base,  which  holds  in  combination 
30.49  parts  of  oxygen.  These  proportions  do  not  seem  to  be 
changed  by  varying  the  state  of  oxj'genation  of  the  acid;  for 
sulphites  absorb  oxygen  to  become  sulphates,  and  still  remain 
neutral ;  the  phosphites,  when  changed  into  phosphates,  give 
up  phosphorus,  and  continue  neutral.  It  would  appear,  there- 
fore, that  the  proportion  between  the  oxygen  of  the  acid,  and 
that  of  the  base,  is  regulated  by  the  proportion  of  the  com- 
bustible ingredients  of  the  acid  and  base  to  each  other .  In 
sulphurets,  for  example,  the  metal  and  sulphur  are  in  such 
proportion,  that  when  both  are  oxygenated,  the  oxide,  re- 
salting  from  the  one,  precisely  saturates  the  acid,  resulting 
from  the  other.  These  facts  strongly  confirm  the  atomic 
theory,  and  cannot,  indeed,  be  explained  by  any  other* 
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.  Hitherto,  we  have  considered  the  oompounds  of  «cidft  with 
their  reapecUve  bages  only  in  the  state  of  neutral  compound^ 
ill  which  neither  the  acid,  nor  the  base  predominatpa*  But 
we  have  several  instances,  in  which  a  neutral  compoond  k 
susceptible  of  uniting  with  an  additional  quantity  of  acid  or  nf 
base,  and  thus  of  acquiring  an  entirely  new  set  of  properties. 
Potash  and  tartaric  acid,  for  example,  when  united  in  the 
proportions  which  neutralize  each  other,  compose  an  extremdy 
soluble  salt,  which  has  no  action  on  vegetable  colours;  but 
with  a  double  proportion  of  acid,  a  aalt  is  formed,  which  ce» 
quires  a  large  quantity  of  water  for  solution,  has  aa  acid  taste^ 
and  instantly  reddens  vegetable  blue  colours. 

To  distinguish  this  and  other  similar  salts,  the  epithet  acidb* 
lous  was  first  proposed;  but,  for  Uie  sake  of  brevity*  it  has 
now  become  customary  to  prefix  the  Latin  proposition  supefm 
Thus  we  have  the  fiij^^-tartrate  of  potash ;  the  super-solpbalt 
of  potash ;  &e.  On  the  contrary,  when  the  base  is  predkNoi* 
nant,  we  denote  the  deficiency  of  acid  by  the  preposition  mif 
as  sub-carbonate  of  potash,  sub*borate  of  soda,  &G.  In  the 
instance  of  the  compounds  of  oxalic  acid  with  potash*  Dr. 
Wollaston  has  employed  .the  words  hmoxalaie  and  qumbrojc* 
alaiCf  to  express  the  proportions  in  which  the  acid  unites  with 
the  base ;  and  this  method  of  nomenclature  has  been  extended 
to  other  salts,  formed  by  the  union  of  an  acid  and  base  in  dif* 
fercnt  proportions.  There  are  several  cases,  however,  in  which 
it  is  extremely  difficult  to  decide^  whether  a  salt  is  to  be  classed 
among  neutral,  or  among  sub  or  super  salts.* 

There  are  a  few  instances  of  salts  with  compound  bases ;  and 
in  cases  of  this  kind,  it  is  customary  to  annex,  to  the  generic 
name,  those  of  both  the  bases.  Thus,  for  example^  we  hate 
tlie  tartrate  of  potash  and  soda,  the  phosphate  of  ammonia  and 
magnesia,  or,  as  it  is  sometimes  called,  ammoniaco-magnesiai 
phosphate. 

In  no  part  of  chemistry  is  the  advantage  of  the  new  nomei^ 
clature  more  sensibly  expedenced,  than  in  the  class  of  neutnl 
«alts ;  for  the  number  of  these  coo^pounds  is  ausceptible  of 
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eiag  mnkipljed  to  ap  iouneiise  extent  If  the  knowledge  of 
lie  Mme  dKd  AQt  lead-  to  Ihtit  of  the  compound,  scarcely  auy 
leiQorj  woaULbe  adequate  to  retain  them.  But  by  cbaAging 
le  arlHlrary  Udi^  fprmerly  assigned  to  tbeni,  for  naoxes  ex- 
ressive  of  their  composition,  we  are  furxUshed  with  a  kind  of 
rtificial  memory,  which  renders  their  recollection  perfectly 
my.  Thus  fiw  the  terms  butter  of  antimony,  sugar  of  lea^ 
nd  Gkuibef's  sak,  are  now  substituted  the  more  appropriate 
pithets.  of  ohloride  of  antimony,  acetate  of  lead,  and  sulphate 
fsoda. 

Beside  the  class  of  acids,  which  are  the  best  solvents  of  the 
letals,  alkaline  solutions  act  upon  metallic  substances.  The 
mter  which  holds  the  alkali  in  solution,  is  decomposed ;  iis 
ij^rogen  is  disengaged,  and  its  oxygen  transferred  to  the 
D^al;  and  the  oxide,  thus  produced,  is  taken  up  by  the  alka- 
iqe  liquor^  The  oxides  ready  formed,  are  also,  in  several 
Mo^  dissolved  by  liquid  alkalis.  When  a  pure  alkali  is 
Med  to  a  metallic  solufa'on,  the  metal  b  precipitated  in  the 
lite  of  an  oxide ;  but  the  precipitate  is  seldom  quite  free  from 
dkali,  and  the  neu^tallic  oxide,  in  a  few  instances,  instead  of 
ippearing  in  a  separate  form,  is  dissolved  by  the  alkali. 
When  alkaline  carbonates  are  employed  instead  of  pure  alka* 
lis,  finr  the  precipitation  of  metallic  solutions,  the  oxide  com* 
biaa  witb  carbonic  acid,  and  appears  in  the  state  of  a  metallic 
cvbooatc. 

The  compounds  of  ammonia  with  metallic  oxides  are  of 
ttore  importance  than  those  of  the  other  alkalis,  and  have  ob* 
tsioed  the  generic  name  of  Ammoniurets.  They  may  be 
brvned,  either  by  acting  on  the  metals  with  Uquid  ammonia, 
die  water  in  which  is  decomposed,  and  iiiroishes  a  metallic 
OKid%  which  unites  with  the  alkali ;  or  they  may  be  produced^ 
hjrexpeaing  the  oxides  to  aumioniacal  gas,  at  the  temperature 
if  the  atmosphere.  At  least  fifteen  oxides,  or  rather  hy^* 
Jttiled  Qxidei,  maybe  brought  into  combination  with  au^ 
UMb^  via»  oyide  of"  ainc ;  deutoxide  of  arsenic ;  both  the 
^Kidmof  ooj^r;  oxide  of  silver;  tritoxide  and  tetroxideof 
ttiiapny ;  cKide  of  tellttriinsi ;  protoRudes  of  nickdi,  cobak^ 
id  kon ;  perovtide  ef  iio ;  deutoxide  of  mercury;  and  deiil«* 
iKidos  of /gold  and  pbtHuMo* 
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The  ammoniarcts  are  decomposed  by  a  strong  heat ;  the 
oxygen  of  the  oxide  uniting  with  the  hydrogen  of  the  alkaiiy 
and  the  azote  of  the  latter  being  set  free.  In  some  cases,  «i 
in  that  of  ammoniurct  of  gold,  this  decomposition  is  attended 
with  a  loud  explosion. 

The  oxides,  existing  in  metallic  solutions,  are  decomposed 
by  inflammable  substances.  Light  only  is  sufficient  for  the  j 
decomposition  of  some  of  them .  Hydrogen  gas,  charcoal,  sol-  j 
phur,  phosphorus,  and  the  compounds  of  hydrogen  with  the 
last  three  bodies,  when  brought  into  contact  with  the  solutions  . 
of  perfect  mctnls  at  common  temperatures,  attract  the  oxygen  j 
from  the  metal,  and  occasion  its  precipitation  in  a  metallic  form.  I 
In  this  way,  several  beautiful  appearances  may  be  produced,  j 
which  will  be  described  in  treating  of  the  individual  metals.       J 

The  oxides  themselves  are  decomposed  when  exposed  to  a 
strong  heat  in  contact  with  hydrogen,  charcoal,  or  phosphoms. 
The  two  first,  or  substances  containing  them,  are  chiefly  em- 
ployed  for  the  decomposition  of  those  oxides,  which  occnr  «i 
natural  productions.     The  oxide,  mixed  with  a  portion  of  is*   ^ 
flammable  matter,  is  exposed  to  an  intense  heat;  and,  in  order   ,^ 
to  obtain  the  metal  in  a  coherent  mass,  and  not  in  the  small    , 
grains  which  would  otherwise  be  formed,  some  substance  is  J 
generally  added,  which  is  capable  of  being  melted,  and  of 
allowing  the  metal  to  subside  through  it.     Substances  of  this 
kind  are  called  Jluxes^  and  the  process  is  termed  the  revival  or 
reduction  of  the  metal. 

If  only  one  oxide  had  existed  of  each  metal,  it  would  have 
been  easy,  by  applying  the  general  principles  of  chemical  no- 
menclature, to  have  distinguished  them  by  names  sufficiently 
expressive  of  their  composition.  But  as  the  metals  severally 
are  susceptible  of  several  stages  of  oxidizement,  it  is  diflicultto 
find  terms,  which  shall  sufliciently  express  the  characteristic 
distinctions  of  the  several  oxides  of  the  same  metal.  The  ex- 
istence of  only  two  oxides  would  have  greatly  simplified  their 
nomenclature ;  for,  in  that  case,  we  might  have  applied  the 
term  oxide  to  the  metal  fully  saturated  with  oxygen,  and  of 
oxidule  to  the  compound  at  an  inferior  stage  of  oxidiaseroeot, 
as  has  been  done  by  several  of  the  French  chemists.  In  the 
present  state  of  the  science,  however,  this  nomenclature  is 
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any  base,  is  called  n  sulphat  or  sulphate ,-  of  phosphoric  acid  a 
phosphate ;  and  so  of  the  rest.  The  name  of  the  individtinl  snlt 
is  derived  from  lUal  of  rhe  base.  Thus  wc  have  the  sidpkat  of 
potash,  the  mlp/iat  of  soda,  &c.  Uut  sulphur,  phosphorus,  and 
other  bodies,  it  has  already  been  observeil,  are  susceptible  of 
different  degrees  or  stnges  of  oxygenation ;  and  atTord,  in 
these  different  stnges,  ncids  which  are  characterized  by  a  pe- 
culiar train  of  properties.  The  compounds,  also,  which  result 
firom  the  union  of  two  different  acids,  having  the  same  com- 
bustible base,  with  alkalis  and  earth?,  are  altogether  different 
from  each  other.  The  salt,  for  example,  which  sulphuric  acid 
affords  with  potash,  is  wholly  unlike  that  which  results  from 
the  combination  of  sulphuro»i  acid  with  the  same  base.  It 
was  necessary,  therefore,  to  distinguish  the  compounds  of  the 
more  oxygenated  from  those  of  the  less  oxygenated  ncid;  and 
this  has  been  done  by  changing  the  termination  from  ale  lo 
He,  Thus  the  salts,  formed  with  sulphurous  and  phosphorous 
acids,  are  called  sulphitesnnd  phosphites :  as  sulphite  of  pot- 
nsh,  phosphite  of  soda,  &c. 

An  important  law  has  been  dcducetl,  by  Berzelius,  respect- 
ing the  combination  of  acids  with  bases,  vtz.  ihat  the  qiitmli- 
ties  of  difftrent  iase.K,  required  to  salmale  a  gifen  quantity  of 
aiiJ/  acid,  all  conlain  the  same  tjiianlihj  of  orygen.  For  example, 
100  parts  of  sulphuric  acid  arc  saturated  by  a  c)uonirty  of  any 
base,  containing  20  parts  of  oxygen;  and  100  parts  of  muri- 
atic acid  by  a  quantity  of  base,  which  holds  in  combination 
30.49  parts  of  oxygen.  These  proportions  do  not  seem  to  be 
changed  by  varying  the  state  of  oxj'gcnntion  of  the  acid;  for 
sulphites  absorb  oxygen  to  become  sulphates,  and  still  remain 
neutral ;  the  phosphites,  when  changed  into  phoFphntes,  give 
«p  phosphorus,  and  continue  neutral.  It  would  appear,  there- 
fore, that  the  proportion  between  the  oxygen  of  the  acid,  and 
that  of  the  base,  is  regulated  by  ilii-  proportion  of  the  com- 
bustible ingredients  of  the  acid  and  base  toeachothet.  In 
sulphurels,  for  example,  the  metal  and  sulphur  arc  in  such 
proportion,  that  when  both  are  oxygenated,  the  oxide,  re- 
sulting from  the  one,  precisely  saturates  the  acid,  resulting 
fi-om  the  other.  These  fuels  strongly  conKrm  the  atomic 
theory,  and  cannot,  indeeil,  be  exp]aine<l  by  any  other. 
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.  Hitherto,  we  have  considered  the  compounds  of  acids  with 
their  respective  bsses  only  in  the  state  of  neutral  compounds^ 
in  which  neiither  the  acid,  nor  the  base  predominates.  But 
we  have  several  instances,  in  which  a  neutral  compound  is 
susceptible  of  uniting  with  an  additional  quantity  of  acid  or  vS 
base,  and  thus  of  acquiring  an  entirely  new  set  of  properttes. 
Potash  and  tartaric  acid,  for  example,  when  united  in  the 
proportions  which  neutralise  each  other,  compose  an  extremely 
soluble  salt,  which  has  no  action  on  vegetable  colours;  but 
with  a  double  proportion  of  acid,  a  salt  is  formed,  which  re* 
quires  a  large  quantity  of  water  for  solution,  has  an  acid  taste^ 
and  instantly  reddens  vegetable  blue  colours. 

To  distinguish  this  and  other  similar  salts,  the  epithet  acitbh^ 
lous  was  first  proposed;  but,  for  the  sake  of  brevity,  it  has 
now  become  customary  to  prefix  the  Latin  preposition  supoTm 
Thus  we  have  the  ^ z^j^^-tartrate  of  potash ;  the  super-sulpbale 
of  potash ;  &e.  On  the  contrary,  when  the  base  is  predomi" 
nant,  we  denote  the  deficiency  of  acid  by  the  preposition  sui^ 
as  sub-carbonate  of  potash,  sub-borate  of  soda,  &c.  In  tine 
instance  of  the  compounds  of  oxalic  acid  with  potash^  Dr» 
Wollaston  has  employed  the  words  hmoxalaie  and  quadrox^ 
ulaie,  to  express  the  proportions  in  which  the  acid  unites  with 
the  base;  and  this  method  of  nomenclature  has  been  extended 
to  other  salts,  formed  by  the  union  of  an  acid  and  base  in  di^ 
ferent  proportions.  There  are  several  cases,  however,  in  which 
it  is  extremely  difficult  to  decide,  whether  a  salt  is  to  be  classed 
among  neutral,  or  among  sub  or  super  salts.* 

There  are  a  few  instances  of  salts  with  compound  bases ;  and 
in  cases  of  this  kind,  it  is  customary  to  annex,  to  the  generic 
name,  those  of  both  the  bases.  Thus,  for  example^  we  have 
the  tartrate  of  potash  and  soda,  the  phosphate  of  ammonia  and 
magnesia,  or,  as  it  is  sometimes  called,  ammoniacO'^nagnesiam 
phosphate. 

In  no  part  of  chemistry  is  the  advantage  of  the  new  nomen- 
clature  more  sensibly  experiencedt  than  in  the  class  of  neutral 
salts ;  for  the  number  of  these  compounds  is  auscq>tible  of 
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bein^;  multijilied  to  ao  immense  extent.  If  the  knowledge  of 
the  same  die)  not  lend  to  (liat  of  the  compound,  scarc^y  any 
iQeinory  would  be  adequate  to  i-ctaiii  them.  But  by  clmngLa^ 
tbe  arbitrary  titles,  formerly  sesigiied  to  them,  for  names  ex- 
pressive of  their  composition,  we  are  furnished  with  a  kind  of 
artificial  memory,  which  renders  their  recollection  periectly 
oosy-  Thuj  for  the  terms  butter  of  sntimouy,  sugar  of  lead» 
and  Glauber's  stilt,  are  now  substituted  die  more  appropriate 
epithets  of  cfaloride  of  antimony,  acetate  of  lead,  and  tiulpbate 
of  soda. 

Deside  tbe  cla^s  of  acids,  which  are  the  best  solvents  of  the 
metals,  alkaline  solutions  act  upon  metallic  substances.  The 
water  which  hold)  the  alkali  in  solution,  is  decomposed ;  its 
hydrogen  is  dieoogaged,  and  its  oxygen  transferred  to  the 
metal ;  end  tbe  oxide,  thus  produced,  is  taken  up  by  the  alka- 
line liquor.  The  oxides  ready  formed,  me  also,  in  several 
cases,  dissolved  by  liquid  alkalis.  Wlien  a  pure  alkali  it 
.iddod  to  a  metallic  solution,  tlie  metal  Is  precipitated  in  the 
state  of  an  oxide ;  but  tbe  precipitate  is  seldom  quite  free  from 
alkali,  and  the  metallic  oxide,  in  a  few  instances,  instead  of 
appearing  in  a  separate  form,  is  dissolved  by  the  alkali. 
\V'bea  alkaline  carbonates  arc  employed  instead  of  pure  alka- 
lis, for  the  precipitation  of  metallic  solutions,  the  oxide  com- 
bines with  carbonic  acid,  and  appears  in  the  state  of  a  metallic 
carbonate. 

The  compounds  of  ammonia  with  metallic  oxides  are  of 
more  importance  than  (hose  of  tbe  odier  iilkalis,  and  have  ob- 
tained the  generic  name  of  Ammoniuue-ts.  They  may  be 
foirDaed,  either  by  acting  on  ibc  metaU  with  liquid  ammonia, 
(be  water  to  which  is  decomposed,  and  {urni»hc3  a  metallic 
oxid^  which  unites  with  the  alkali ;  or  Uiey  may  be  produced, 
by  exposing  the  oxides  to  annnimiacal  gas,  at  the  temperature 
of  the  atmosphere.  At  least  fifteen  oxi(ies,  or  rather  hy- 
drated  oxidee,  may  be  brought  into  combination  with  aru- 
moiUH,  v'u.  oijude  of  zinc;  deutoxide  of  arsenic;  both  ihc 
oxides  of  copper ;  oxide  of  silver ;  tritoxide  and  tetroxide  of 
antiiaony ;  oxide  of  telluriuHi  ;  pi^otocudes  of  nickel,  cobalt, 
«Ad  iron ;  {leroxkdc  ol'  tin ;  deutoxide  of  mercury ;  and  deul- 
ojtid«8  of  gold  and  platinum. 
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Many  of  the  metallic  oxides  have  an  attraction  for  water, 
which  they  manifest  by  being  soluble  in  it,  or  by  reducing  it 
to  a  solid  or  gelatinous  form.  The  soluble  oxides  are  potasM, 
soda,  baryta,  strontia,  and  lime;  the  deutoxide  of  araenicv 
and  the  oxide  of  osmium.  There  are  a  few  others,  which 
are  soluble  in  a  very  small  degree  only,  not  exceeding  one 
thousandth  of  the  weight  of  the  water,  viz.  oxide  of  mt^ 
lybdenum,  deutoxide  of  mercury,  tritoxide  and  tetroxide  of 
antimony. 

The  compounds  of  oxides  and  water,  in  which  the  water  ex- 
ists in  a  condensed  state,  are  termed  hydrates,  or  hydro-ox> 
IDES,  or  UYDROXURES.   The  hydrates  of  potash,  soda,  strootii^ 
and  baryta,  retain  the  water  which  constitutes  them  such^atlbe 
temperature  of  ignition,  and  it  can  only,  indeed,  be  aqBeOed 
by  bodies  that  have  a  stronger  aiSnity  for  the  alkali  or  eardk 
The  hydrates  of  the  remaining  earths  are  decomposed  by  the 
heot  of  ignition.    The  hydrated  oxides  of  the  common  metak 
are  obtained,  by  adding  a  solution  of  pure  potash,  soda,  or 
ammonia,  to  the  solution  of  the  oxide  in  sulphuric,  moriatict 
or  nitric  acid.  The  precipitate,  washed  repeatedly  with  walo^ 
is  to  be  collected  on  a  filter;  and,  if  dried,  the  heat  empkjedf 
must  be  as  gentle  as  possible ;  for  a  slight  elevation  of  tem- 
perature is  sufficient  to  expel  the  whole  water,  and  to  leaie 
only  an  oxide. 

The  hydrated  oxides  are,  for  the  most  part,  much  more 
soluble  in  acids  than  the  oxides.  According  to  Berzelius,  they 
are  definite  compounds,  in  such  proportions,  that  the  oxygen 
of  the  water  is  equal  in  weight  to  that  of  the  oxide.  It  i% 
however,  probable  that  each  metallic  oxide  is  capable  of 
uniting  with  water  in  several  definite  proportions,  the  grester 
of  which  are  multiples  of  the  less. 

Besides  the  important  class  of  compounds,  which  result 
from  the  union  of  metals  with  oxygen,  the  metals  are  capable^ 
also,  of  entering  into  combination  with  chlorine,  iodine,  hy- 
drogen, carbon,  phosphorus,  and  sulphur.  They  afford,  als(H 
by  uniting  with  each  other,  an  interesting  class  of  compounds 
called  metallic  alloys. 

I.  All  the  metals  are  capable  of  uniting  witli  chlorine. 
The  very  malleable  metals,  such  as  gold,  silver,  &c.  which  can 


Im  radaced  to  estremely  tbiil  leaver  «lre  beat  applied  lo  l!ie 
gas  in  that  ilito;  otWs,  a»  iroD,  ziihQ,  copper,  &c.  maj  ba 
kitfodiicid  m  die  ttite  of  fine  filings^  The  best  proportion  of 
dM»  filings  it  nboot  40  grains  of  each  metal  to  40  cubic  incbea 
of  tbegis;  and  into  the  bottom  of  the  receiver  a  little  dj^ 
sand  Wfly  be  poured,  to.  prevent  it  from  being  broken.  Tbm 
Mnperatore  oi  the  gas,  in  order  that  the  experiment  may  suOf 
coed  perfectly,  abonkl  not  be  below  70^  Fahr, 

The  most  readily  oxidized  metals  ham  with  the  greatest 
brilliancy.  MetaUie  antimony  emiu  a  very  brilliant  wbitf 
lame^  and  throws  out  sparks.  Arsenic  exhibits  n  finegreeHL 
or  blue  flame,  attended  with  spaiiu  and  a  dense  white  smoke; 
liismadi  a  blneish  flsjne;  zinc  a  white  flame  and  sparks;  ti% 
m  Uueish  white  li^t;  lead,  a  clear  white  flame  j  copper,  m 
nd  and  slowly  spreading  light;  and  iron  a  bright  red  light. 

Tbe  results  of  combustion  in  these  instances  are  compounda 
of  chlorine  with  the  di&rent  metals,  which  appear  to  b^ 
maintained  by  a  very  powerful  affinity,  for  chlorine  is  capable 
of  expelling  the  whole  of  the  oxygen  from  any  metallic  oxide^ 
and  taking  its  place.  Even  those  metals,  that  are  most  dis^ 
tingoished  by  their  affinity  for  oxygen,  abandon  it  when  their 
oaddes  are  heated  in  contact  with  chlorine ;  and  oxygen  gas  ia 
in  that  case  disengaged.  The  same  metal  is  capable  also  of 
uniting  with  different  proportions  of  chlorine,  which,  so  far 
as  has  been  yet  ascertained,  are  definite,  and  in  no  case  exceed 
two  proportions  to  one  of  metal.  Hence  it  was  proposed  by 
Sir  U.  Davy,  in  fixing  the  nomenclature  of  tliese  compounds^ 
to  designate  those  containing  the  least  chlorine  by  the  term>» 
nation  ane  added  to  tbe  Latin  name  of  the  metal,  as  cuprane 
fer  that  of  copper;  and  those  containing  most clilori tie  by  the 
termination  aneOf  as  cul^ianea.  'iliis  nomcuclatui c,  however, 
'has  not  been  generally  adopted ;  but  the  compounds  of  chlo- 
rine witli  metals  are  now  either  called  cA/orwr^^,  or  (which 
appears  tp  me  to  be  preferable  from  analogy  wiili  the  similar 
compounds  of  oxygen)  chloiidrs,  ^Vhen  more  than  one  com 
pound  exists  of  chlorine  with  any  metal,  that  at  the  minimum 
may  be  called  prolo-ddoride^  and  the  others  dtulo-ckhnde^  ^er- 
€hloride$  &c. 
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The  metallic  chlorides  may  also  be  fbrmedy  bj  exposing 
certain  metals  to  muriatic  acid  gas  at  high  temperatures.    In 
this  case,  the  muriatic  acid  is  decomposed;  its  hydrogen  is 
liberated ;  and  its  chlorine  combines  with  the  metal.     Diluted 
muriatic  acid  acting  on  certain  metals  (iron  for  example)  oe> 
castons  the  decomposition  of  water;  hydrogen  is  evolfcd; 
and  an  oxide  is  formed,  which  nnites  with  the  muriadc  add  and 
constitutes  a  true  muriate.     When  thb  muriate  is  first  evapch 
rated  to  dryness,  and  then  strongly  heated,  the  oxygen  of  the 
metallic  oxide  unites  with  the  hydrogen  of  the  add  and  fonoi 
water,  which  escapes,  and  there  remains  a  true  chkride,  or 
compound  of  the  metal  with  chlorine.    Again,  the  chloridsi 
may  be  formed  by  double  elective  a£Snity;  thus  suIplMfeof 
mercury,  exposed  to  heat  with  chloride  of  sodium,  gifcs 
chloride  of  mercury  and  sulphate  of  soda ;  the  oxygen  sad 
sulphuric  add  passing  from  the  mercuiy  to  the  sodium,  sod 
the  chlorine  from  the  sodium  to  the  mercury. 

The  compounds  of  chlorine  with  metals  have  been  aUy  is- 
Testigated  by  Dr.  John  Davy,  and  it  is  chiefly  his  results  thst 
have  furnished  materials  for  the  following  TaUe,  in  wUdi 
the  equivalent  of  chlorine  is  taken  at  36.  The  first  oofanai 
^contains  the  name  of  the  chloride ;  the  second  the  equivakntcf 
the  metal  deduced  from  its  oxide  or  from  someother  compoaod; 
the  third  the  proportion  of  chlorine;  and  the  fourth  the  equi- 
valent  of  the  metal,  deduced  from  tlie  lowest  proportioa,  io 
which  it  has  actually  been  found  to  unite  with  chlorine.  Id 
most  instances,  the  numbers  in  the  first  and  last  columns  wili 
be  found  very  nearly  to  coincide.  When  the  difiereoee  li 
trifling,  it  may  be  imputed  to  errors  unavoidaUe  in  analjiei 
of  this  kind;  but  when  very  considerable,  as  in  the  esse  of 
arsenic,  the  disagreement  shows  the  necessity  of  nK»e  se* 
curate  experiments  either  on  the  oxid^  the  cbkNride,  or  cb 
both. 
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Compounds 


Chloride  of  Potassium*  •  • . 

Sodium 

— —  Calcium 

•^— — —  Barium 

'  Strontium. . .  • 

-  Magnesium  • . 

— —  Manganese* . . 

— — — —  Zinc 

' Iron,  Ist 

2d 


Tin,  1st. 
2d. 


Arsenic.  •  • .  • . 
Antimony.  •  •  • 

Bismuth 

Copper^  1st  •  • 
-2d... 


Mercury,  1st.  • 
2d.. 


Silver 
Gold. 


£quiT.  of 
metal. 


40 
24 
20 
70 

12 
28 
33 
28 

59 

38? 
44 

71 

64 

104 
200 

110 

? 


Proportion  of 
chlorine. 

Equir.  of  metal 

deduced  from 

the  chloride. 

S6 

40 

36 

24 

36 

20 

36 

70 

36 

44 

36 

12 

36 

28 

36 

33 

36 

28 

72 

36 

59 

72 

72 

23.46 

36 

44.21 

36 

71.05 

36 

66.05 

72 

36 

103.52 

36 

204.17 

72 

36 

110.14 

36 

104.23 

II.  All  the  metals  unite  with  iodine,  and  form  compounds 
which  tiave  been  called  iodes^  iodures,  or  iodides.  The  last 
tnn  is  to  be  preferred,  on  account  of  the  analc^  of  the 
compounds  denoted  by  it  with  oxides  and  chlorides.  The 
iodides  all  decompose  water,  the  hydrogen  of  which  forms 
lijdriodic  acid  with  the  iodine,  while  its  oxygen  is  transferred 
to  the  metal,  and  the  acid  produced  combines  with  the  me^- 
Idlic  oxide. 

III.  The  compounds  of  metals  with  hydrogen  ave 
lidther  numerous  nor  of  much  importance.  When  water  is 
decomposed  by  certain  metals^  at  the  same  time  that  tbt 
oxygen  combines  with  one  portion,  the  hydrogen,  which  is 
disengaged  in  the  state  of  gas,  takes  up  a  portion  oi  nidaL 
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This  is  the  case,  in  a  very  small  d^ree,  with  iron ;  still  mor 
with  zinc ;  and  most  remarkably  with  potassium,  arsenic,  am 
tdturium,  all  of  which  afibfd  compounds  with  hydrogen 
having  distinctly  characteristic  properties. 

IV.  The  combinations  of  metallic  bodies  with  sul- 
phur have  been  divided  by  Vauquelin  *  into  three  classes,  vk 
1st,  the  compounds  of  metals  with  sulphur,  which  alone  arc 
with  propriety  called  sulphurets  ;  2dly,  the  compounds  of  sul- 
phur with  metallic  oxides,  termed  sulphureitd  oxides  ^  and 
Sdly,  those  of  sulphureted  hydrogen  with  neCaUic  oxidei^ 
wMch  may  be  called  hydro- sulphureted  oxides. 

1.  All  the  metals,  with  the  exception  ofgold,  zinc,  and  tioy 
are,  in  their  metallic  states  susceptible  of  combination  widi 
sulphur.    In  order  to  effect  their  union,  it  is  sufficient  that  one 
of  the  bodies  be  brought  into  a  fluid  state;  and  as-sulpbBrii 
readily  fusible,  a  very  moderate  heat  only  is  required  for  the 
purpose.     Thus  a  mixture  of  45  parts  of  iron  filings  with  \h 
of  sulphur,  or  of  40  parts  of  copper  filings  with  15  of  sulphur, 
when  heated  in  a  glass  tube,  combines,  the  moment  the  fiisoD 
of  the  sulphur  is  accomplished.     The  phenomena  are  veiy 
remarkable,  consisting  in  a  sudden  and  bright  glow,  like  thit 
of  intense  ignition.     During  combination,  however  dry  the 
materials  may  have  been,  it  appears  from  the  experiments  of 
Mr.  Clayfield  +  that  ii  (juantlty  of  clastic  fluid  is  cxtricatcdf 
amounting  to  nine  or  ten  times  the  bulk  of  the  niixtiirc,  and 
consisting  of  sulphureted  hydrogen  and  sulphurous  acid.  The 
fiirmer,  probably,  arises  from  the  sulphur,  and  the  latter  from 
the  metallic  filings,  which  may  have  been  partially  oxidized 
by  the  process  of  washing  and  drying. 

In  these  compounds,  the  properties  of  the  metals  cease  to 
be  apparent;  for  the  sulphurets  are  brittle;  have  coloun diA 
ferent  from  those  of  the  metals ;  and,  when  artificially  formed 
are  destitute  of  lustre.  The  quantity  of  sulphur,  with  wbid 
4iiflercnt  metnls  are  cnpabic  of  uniting,  varies  for  each  meuJ. 


•  Annales  de  Chiniie,  xxxvii.  57. 

t  Note  to  Sir  H.  Dirvy's  paprr  on  alkaKs.      (Phitosophicnl  TransaclinnJ, 
1808.) 
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The  same  metal,  aboi  in  some  instancefl,  combines  with  diP- 
ferent  quantities  of  sulphur,  and  affords  compoundsi  charac- 
terized by  a  distinct  train  of  properties.  Tims  the  compound 
of  100  parte  of  iron  with  58J-  of  sulphi^r  is  brittle  and  of  a 
dark  grey  colour;  has  little  or  no  lustre;  and  is  attracted  by 
the  magaet  But  100  parts  of  iron  with  117  of  sulphur  form 
a  yellow  compact  compound ;  of  sufficient  hardness  to  strike 
fire  with  steel;  and  having  so  much  lustre,  as  to  have  been 
often  mistaken  by  the  ignprant  for  gold.  When  different 
sulphurets  of  the  same  metal  exist,  the  sulphur,  in  those 
which  contain  the  larger  proportion,  is  an  exact  simple  mul- 
tiple of  the  sulphur  in  those  which  contain  the  less. 

The  following  Table  exhibits  the  composition  of  several  of 
die  metallic  sulphurets,  so  far  as  they  are  yet  known.  In 
tereral,  it  is  probable  the  nunibcrs  arc  incorrect,  because  they 
do  not  stand  the  test  of  a  comparison  with  the  oxides;  for  as 
the  equivalent  of  sulphur  is  precisely  double  that  of  oxygen, 
the  quantities  of  sulphur,  that  unite  with  metals,  should  be 
nultiples  by  two  of  the  oxygen  in  the  corresponding  oxides. 

Talle  of  Sulphurels. 
100  Paris  rf    Unite  with  Sulphur,  Authnrily. 

Gokl 2^.^9  Berzelius. 

Platinum  1st 19.04  E.  Davy. 

. .  2d 28.21  Ditto. 

• .  Sd S8.8  Ditto. 

Palladium 24.0  Vauquelin. 

Silver 14.9 Ditto. 

Copper 2.5.6  Ditto. 

Iron Ist 58.75  Ditto. 

2d 117 Ditta 

Tm 1st 27.234  Dr.  John  Davy. 

— ^ 2d 54.5  Ditto. 

Lead...  .1st. 15.384  Berzelius. 

' 2d 30.76  Ditto. 

Nickel. . .  1st 51.5  E.  Davy. 

■  .  •  2d  • . . .  • .  77 Ditto. 
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'  Table  of  Stdphurets^  conimuei. 
100  Parts  of    Unite  tvith  Sulphur.  Authority. 

Zinc 48*84     Dr.  Thomaon* 

Bismuth.  .Ist •  22.52     Lagerfajdm. 

-— —  2d 45 Vauqudin. 

Antimony 87.25     Beraeiiaa. 

Arsenic . .  1st 88.8       

2d 75 


.  • 


Cobalt 89.8       Pkt>ii8t* 

Molybdenum- 67 

Metallic  sulphurets  can  only  be  partially  decomposed  by 
heat :  and  though  this  assertion  appears  to  be  contradicted  by 
the  efibct  of  roasting  these  compounds;  yet  it  is  to  be  coDtt- 
dered  that  the  metals,  when  heated  with  the  contact  of  air, 
absorb  oxygen,  and  thus  lose  their  affinity  for  sulphur.  The 
aulphuret  of  one  metal  may,  in  many  instances,  be  decom- 
posed by  another  metal.  Thus  when  sulphuret  of  mercoiy 
is  distilled  with  a  proper  proportion  of  iron  filings,  the  sul- 
phur passes  to  the  iron,  and  the  mercury  comes  over  in  a  me- 
tallic state. 

Concentrated  sulphuric  acid,  with  the  assistance  of  besti 
acts  upon  metallic  sulphurets,  and  is  converted  into  sulphu- 
rous acid,  which,  being  volatile,  escapes.*  Metals  which,  in 
their  separate  state,  were  dissolved  by  dilute  sulphuric  addf 
continue  sensible  to  its  action,  after  being  combined  with  sal* 
phur.  When  dilute  sulphuric  acid,  however,  acts  on  such 
compounds,  instead  of  hydrogen  gas  simply,  we  obtain  lol- 
phureted  hydrogen.  It  is  chiefly  the  compounds  with  tbe 
minimum  of  sulphur,  that  produce  this  effect;  for  the  5tf/)er- 
sulphurets,  or  those  containing  a  farther  proportion  of  ml- 
phur,  resist  the  action  of  this  solvent. 

Concentrated  muriatic  acid  has  no  effect  on  sulphurets;  but 
the  diluted  acid  acts  like  the  diluted  sulphuric.  Nitric  add 
is  decomposed  by  the  metallic  sulphurets ;  nitrous  gas  is  dii' 
engaged;  and  sulphur  is  precipitated.!    In  this  case,  thoi^h 

*  Berthollet,  Annalei  de  Chimie,  xxr.  256.       f  VauqueliOy  loc  dt  6^ 
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all  nitric  acid  coiitiiins  water,  yet  suiphuretcd  liydrogeii  is 
not  formetl,  because  llie  ncid  yields  its  oxygen  more  easily 
than  the  water. 

Sulphurels,  composed  of  metals  which  powerfully  attract 
oxygen,  and  the  oxides  of  which  have  moreover  an  affinity  for 
sulpliuric  acid,  absorb  oxygen  from  the  atmosphere,  and  past 
to  the  state  of  sulphites.  In  this  way  most  of  the  sulphate  of 
iron  h  formed,  which  occurs  in  commerce.  But  if  the  metal 
lias  either  a  strong  aflinity  for  sulphur,  or  a  weak  one  for 
oxygen,  then  the  conversion  into  a  sulphate  docs  not  happen^ 
as  in  the  sulphurcts  of  copper,  nntiuiony,  and  mercury.*  The 
tulphurct  of  iron  containing  a  full  proportion  of  sulphur  re- 
sists, also,  the  conjoined  action  of  air  and  moisture. 

S.  In  general,  the  metals  have  a  stronger  affinity  than  their 
oxides  fur  sulphur;  and  several  of  the  oxides,  when  heated  with 
sulphur,  are  decomposed,  their  oxygen  being  separated  in  the 
state  of  sulphurous  actd,  and  o,  true  metallic  sulphuret  remaining. 
Thisappearstobethecase,  in  part  at  least,  even  with  the  oxide* 
of  metals  which  powerfully  attract  oxygen,  such  as  potassa, 
8oda,  &c.  But  there  are  a  few  cases,  in  which  certain  metals 
are  incapable  of  combining  with  sulphur,  till  they  are  brought 
into  the  stale  of  oxides.  These  are  chiefly  zinc,  mercury,  and 
manganese,  the  compounds  of  which  with  sulphur  may  be 
called  iiitphureted  oxides.\  Other  metals,  also,  are  capable  of 
Affording  similar  compounds  ;  but  in  general  their  afSuily  for 
sulphur  diminixhes,  in  proportion  to  the  quantity  of  oxygea 
irhich  tliey  hold  in  combination. 

Suiphuretcd  oxides  act  on  acids,  somewhat  difTerently  from 
tbe  mere  sulphurcts.  If  the  met;il  be  only  oxidized  at  ils  mi- 
oiiuum,  they  yield  suiphuretcd  hydrogen  with  diluted  muri- 
atic and  sulphuric  acids,  and  nitrous  gas  with  nitric  acid.  But 
in  their  perfectly  oxidized  state,  Uie  oxides  dissolve  without 
eflFervescence,  and  the  sulphur  remains  unaltered. 

3.  Suiphuretcd  hydrogen  enters  into  combination  with  a 
few  of  the  metals,  wttb  mercury  and  silver  for  example;  but 


■  Berihollel,  loc.  cit.  916. 
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it  unites,  in  general,  more  readily  and  pemanentlj  with  their 
oxides.  From  tacli  compoonds,  ttie  sulphnreted  hydrogen 
18  detached  in  a  gaseous  state  by  some  concentrated  aeidsy 
^hich  seize  the  metallic  oxide.  Most  of  the  ralphoreted 
oxides,  also,  undergo,  in  process  of  time,  spontaneous  d^ 
composition,  in  consequence  of  the  union  of  tlie  hydrogen 
snd  oxygen  which  they  contain,  and  which,  by  combination, 
fcrm  water.  When  this  happens,  the  oxide  is  partly  reduced, 
and  the  sulphur  unites  with  the  deoxidized  metal.  Hence  the 
same  sulphureted  oxide  varies  in  composition,  according  to 
the  period  which  has  elapsed  since  its  preparatioD. 

When  we  precipitate  a  metallic  solution  by  sulphureted 
hydrogen  alone,  or  by  its  compounds  with  alkalies,  we  obtain 
lather  a  metallic  snlphuret  or  a  hydro-sulphuret.  In  the  first 
case,  the  hydrogen  of  the  sulphureted  hydrogen  takes  all  the 
oxygen  of  the  oxide ;  and  the  sulphur  forms  a  true  sulphuret 
^with  the  reduced  metal.  In  the  second  case,  the  sulphureted 
hydrogen  unites  directly  with  the  oxide,  without  decompoung 
it,  and  its  proportion  is  such  that  the  hydrogen  is  sufficient  to 
'saturate  all  the  oxygen  of  the  oxide.  The  quantity  of  hy- 
drogen, then,  which  is  destroyed,  or  may  be  destroyed,  de- 
pends on  the  state  of  oxidizement  of  the  metal,  and  so  also 
does  the  quantity  of  sulphur.  Now  if  metals,  as  appears  pro- 
bable, are  susceptible  of  oxidation  in  only  a  few  determinate 
degrees,  it  follows  that  by  precipitations  of  this  kind,  we  may 
-obtain  metallic  sulphurets  with  fixed  proportions,  which  may 
be  easily  calculated  from  the  known  quantity  of  oxygen  in 
the  oxide,  and  the  known  composition  of  sulphureted  hy- 
'drogen,*  Thus  the  law  of  fixed  proportions  will  be  extended 
to  the  compounds  of  metals  with  sulphur;  and  another  step 
iirill  be  made  towards  establishing  the  important  general 
principle  in  chemical  philosophy,  which  has  been  so  ably 
illustrated,  in  other  cases,  by  Mr.  Dal  ton. 

4.  Hydrogureted   sulphurets  of  metals   and  their   oxides 

may  be  obtained  by  precipitating  metallic  solutions  with  the 

bydrogureted  sulphurets  of  alkalies.     In  sulphureted  oxides, 

,it  has  been  observed  by  Berzelius,t  the  oxygen  of  the  oxide 
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h  to  tJKe  hjdragen  of  the  salphureted  hydrogen,  precisely,  in 
disproportion  neoeuary  to  constitute  water.  The  oxides  of  al) 
lliose  metals,  he  adds»  which  have  for  oxygen  a  greater  affinity 
dMoi  hydrogen  has,  may  unite  with  sulphureted  hydrcgen.^ 
fe  the  compounds,  thus  produced,  the  metal,  sulphur,  hjK 
dragon,  and  oxygen,  exist  in  such  proportions,  that  the  oxygen 
is  prodsely  sufficient  to  change  the  sulphur  into  acid^  the 
metal  into  protoxide,  and  the  hydrogen  into  water.     But  if 
the  affinity  of  the  metal  for  oxygen  be  inferior  to  that  of  hy- 
drogen, the  oxide  is  then  reduced,  and  water  and  a  sulphured 
are  generated.    Thus  the  alkalis,  the  earths,  and  protoxides- 
of  linp  and  manganese^  affi)rd,  with  sulphureted  bydrogeOf 
saline  combinations ;  but  the  oxides  of  lead  and  copper  are 
decomposed  by  it- 
It  had  been  generally  supposed  that  metals,  which  have  a 
great  affinity  for  oxygen,  and  which  decompose  water  (as- 
manganese^  iron,  zinc,  uranium,  nickel,  cobalt,  &cO  are  not 
|irecipitated  from  their  solutions  by  sulphureted  hydrogen,, 
except  with  the  concurrence  of  double  affinities.    Gay  hwh- 
mCf  however,   has  shown*   that   the  compounds    of  these 
mctab  with  the  weaker  acids  (as  the  acetic,  tartaric^  an^ 
Ofxalio)  are  decomposed  by  sulphureted  hydrogen,  and  pro» 
dace  hydrosulphurets  of  the  respective  metals.     When  a  stilt 
weaker  solvent  of  the  metal  is  employed,  the  decomposition  is 
more  easily  effected.     Thus  the  nmnioniurets  of  iron,  nickel, 
tec.  are  entirely  decomposed  by  that  gas;  and  this  furnishes- 
an  excdlent  process  for  obtaining  pure  hydrosulphurets;  finr 
the  alkaline  hydrosulphurets,  commonly  employed  for  thie 
purpose,   are   almost   always    contaminated    witli    sulphur* 
Those  metals,   which   are  not  precipitable  by  sulphureted 
hydrogen,  become  scs  when  acetate  of  potash  is  added  to  their 
solutions. 

V.  Several  metals  have  an  affinity  for  phosphorus,  and  form 
a  class  of  compounds  called  metallic  phosphurets.  The 
best  method  of  effecting  this  combination  is  to  expose  the 
metals  to  heat,  in  contact  with  phosphoric  acid  and  charcoal. 
The  charcoal  deprives  the  phosphorus  of  oxygen ;  and  the 
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de-oxygeiiized  phosphorus  unites  with  the  metal.  MeCal^ 
liowever,  that  have  a  strong  affiiii^  for  oxygeD,  deoompoae 
the  phosphoric  acid,  and  unite  with  its  base,  without  the  in- 
tervention of  charcoal.  The  metallic  phosphurets  haw  not 
hitherto  been  applied  to  any  usefiil  purpose;  and  it  b  suffi- 
cient, therefore,  to  refer  to  the  description  of  them  by  Pel- 
letier,  in  the  first  and  thirteenth  volumes  cS  the  jlnmks  ir 
Cbimle. 

VL  The  compounds  of  metals  with  carbon  are  called  caa* 
BURETS.  That  of  iron  and  carbon,  the  properties  of  which 
vary  according  to  the  proportion  of  the  two  ingredients,  is 
the  only  one  of  importance.  It  will  be  described  in  its  proper 
place. 

VII.  The  metals  are,  for  the  most  part,  capable  of  uniting 
with  each  other.  For  this  purpose^  they  require  to  be 
brought  into  a  state  of  fusion ;  and,  even  when  melted,  con- 
siderable care  is  necessary  to  form  a  permanent  compound.  If 
one  metal  is  considerably  heavier  than  the  other,  it  is  apt  to 
sink  to  the  bottom  of  the  fluid  mass.  Nothing  can  show  this 
in  a  more  striking  manner,  than  a  &ct  which  has  been  stated 
hy  Mr.  Hatchett.  He  found  that  when  gold»  which  has  been 
melted  with  a  pr(q)ortion  of  copper  or  other  metals,  is  csit 
into  bars,  the  moulds  for  which  are  placed  vertically,  the 
lower  part  of  the  bar  contains  more  gold  in  proportion  than 
the  upper  part. 

There  are  a  few  of  the  metals  that  do  not  unite  by  being 
fused  together.  This  is  the  case  with  lead  and  iron ;  but  even 
in  such  cases  we  are  scarcely,  perhaps,  entitled  to  deny  all 
aflBnity ;  for  some  of  the  metals,  which  were  formerly  thought 
incapable  of  combination,  iiave  been  made  to  combine  bjr 
circuitous  processes.  This  is  the  fact  with  respect  to  iron  sod 
mercury.* 

In  the  new  nomenclature,  the  word  alloy  is  retained  as  a 
general  term  for  all  combinations  of  metals  with  each  other; 
and  the  specific  name  is  derived  from  that  of  the  metal,  wfaidi 
prevails  in  the  compound.  Thus  in  the  alloy  of  goldwiih 
tUuer^  the  gold  is  to  be  understood  as  being  in  greatest  pro* 
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porlkm ;  in  the  alloy  of  siher  tviik  gold^  the  silver  is  the  prin- 
dptl  ingredient.  The  coni))ouncIs  of  mercury  with  other 
mcCaby  at  a  Tery  early  period  of  chemistry,  w«re  called 
AMALGAMS,  and  as  the  name  does  not  lead  to  any  erroneous 
noticMia,  it  may  still  be  retained  to  denote  this  sort  of  alloy. 

The  metals  in  general  have  been  supposed  capable  of  uniting 
with  ench  odier  in  unlimited  proportions;  but  a  careful  exa^ 
mination  of  those  alloys,  which  are  characterized  by  peculiar 
properties,  and  adapted  to  specific  uses,  has  shown  that  such 
compounds  are  definite^  and  fall  within  the  general  laws  of 
the  atomic  system.  This  proposition  has  been  ably  maintained 
fay  Berzelius,  as  well  as  by  Dolton.  Potassium,  the  former 
observes,  gives  with  mercury  two  crystallized  compounds,  one 
of  which  oontaTns  twice  as  much  potassium  as  the  other.  The 
iir£or  DUokB  is  a  definite  compound  of  silver  and  mercury. 
When  zinc  and  copper  are  distilled  together,  a  certain  quan* 
tity  of  zinc  comes  over,  but  the  rest  cannot  be  raised  by  heat. 
From  a  fused  mixture  of  antimony,  iron,  and  copper  with 
much  tin,  metallic  crystals  separate  on  cooling,  containing 
fixed  proportions  of  the  component  metals.  Whenever,  in- 
deed, the  new  compound  has  an  opportunity  of  separating 
from  the  fused  mass,  it  appears  to  be  formed  in  established 
proportions. 

By  combination  with  each  other,  the  metals  undergo  a  con- 
siderable change  of  properties,  and  acquire  new  ones,  not  ob- 
servable in  the  separate  metals. 

1.  The  specific  gravity  of  an  alloy  is  seldom  the  mean  of 
those  of  its  component  parts.  Thus  an  alloy  of  silver  with 
cof^r  <Hr  tin,  or  one  of  silver  or  gold  with  lead,  has  a  greater 
than  the  mean  specific  gravity.  An  alloy,  also,  of  silver  with 
mercury,  though  the  former  metal  is  specifically  lighter  than 
the  latter,  possesses  so  much  acquired  density  as  to  sink  in 
quicksilver.  In  other  cases,  on  the  contrary,  the  specific 
grayi^  of  the  compound  falls  short  of  the  mean  of  that  of  its 
components,  or  there  appears  to  be  a  degree  of  dilatation,  as 
in  the  alloys  of  gold  with  copper,  iron,  or  tin.  To  estimate 
exactly,  however,  either  the  increase  or  diminution  of  density^ 
.requires  an  attention  to  several  circumstances.* 

•  Sm  Aikb't  Dictionary,  article  Alloy. 


2.  Tbe  ivof  fViljf  and  ma/Zeii&'itVjf  of  inetek  w  gene^ 
by  being  allojed  together;  an<l»  for  the  most  part^  tbcae  qiial»- 
tiet  are  unpaired.   Even  two  metals,  which  aeparatelj  aie  boA 
malleable  and  ductile,  may  be  rendered  brittle  by  mmhinap 
tion.    This  it  very  remarkably  the  case  with  an  alloy  of  gold 
and  lead,  the  latter  of  which,  even  in  the  trivial  proportion 
<i£  half  a  grain  to  an  onnce  of  gold,  renders  the  alloy  qmie 
destitute  of  tenacity ;  and  an  alloy  of  platinun,  copper»  and 
zinc,  though  eminently  ductile   and   malleable,  ia  rendered 
brittle  by  a  quantity  of  iron  not  exceeding  half  a  grain  in 
four  ounces  of  the  alloy**     In  such  cases,  it  has  been  snp^ 
posed  that  a  truechemiod  union  does  not  take  place,  and  that 
the  newly  added  metal  is  merely  mcehanicaUy  interposed  l»^ 
twcen   the  particles  of  the  other,  the  cohesion  of  which  it 
thns  impairs.     This  explanation,  however,  can  acarcdy  he 
admitted  as   satisfactory ;    and,   among  other  arguments  m 
proof  of  the  existence  of  chemical  union,  it  may  be  remarks^ 
that  gold  is  rendered  brittle  by  being  kept  in  foston  in  fht 
.TiciuiQr  of  melted  tin,  the  vapour  of  which  it  seems  capobfc 
<£  attracting. 

3*  The  hardness  of  metals  is  varied  by  combination.  Gol4 
by  combination  with  a  small  quantity  of  copper,  and  silver  bf 
a  minute  proportion  of  the  same  metal,  acquire  such  sa  mr 
crease  of  hardness,  tliat  these  additions  are  always  nisde  to 
gold  or  silver  which  is  to  be  exposed  to  wear.  By  a  smiU 
addition  of  gold,  iron  is  said  to  gain  so  much  hardness,  si  to 
be  even  superior  to  steel  for  the  fobrication  of  cutting  iastn- 
ments. 

4.  Change  of  colour  is  a  common  effect  of  the  combinstios 
of  metals  with  each  other.  Arsenic,  for  example,  which  reseii- 
bles  steel,  and  copper,  which  has  a  red  colour,  aiibnl  bf 
their  union  a  compound  which  has  nearly  the  wbiteaeis  of 
silver. 

5.  The  fusibility  of  compound  metals  is  difierent  from  whil 
•might  have  been  inferred  from  that  of  their  compoocats. 
\Piatinum,  for  example,  is  rendered  easily  fusible  fay  arsenic^ 
mod,  a  compound  of  kad,  tin,  and  bismuth,  melts  at  a  tempc^ 
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aHire  bdoir  that  qf  boiling  water,  though  the  moat  fusible  of 
die  three  (tin)  requires  for  its  fusion  a  much  higher  degree  of 
heat  than  818^.    This  is  the  principle  of  solders. 

6>  Metab  have  their  vokuUiiy  increased,  by  being  combined 
with  other  metals  which  are  more  volatile  than  tbemseWes^ 
Gold,  separately,  requires  an  intense  heat  for  its  volatilization; 
bat  when  an  amalgam  of  gold  with  mercury  is  distilled,  a 
quantity  of  gold  passes  over  with  the  quicksilver. 

?•  By  chemical  union  with  each  other,  the  metals  have  th^ 
imdtmoy  to  combine  with  oxygen  considerably  increased,  pardy 
in  consequence  of  the  diminution  of  their  cohesion,  but  in 
jo0le  cases,  in  consequence  of  their  forming  a  galvanic  com- 
kioalion.  Lead,  when  amalgamated  with  mercury,  is  oxidized 
by  merely  shaking  the  compound  with  water.  Lead  and  tin, 
melted  together,  acquire  such  an  increase  of  affinity  for  oxygen, 
that^at  the  moment  of  combination,  they  actually  inflame. 
By  the  oxidation  of  either  ingredient  in  any  of  these  alloys, 
-the  compound  is  destroyed.  The  oxide  of  lead,  for  example^ 
separates  from  mercury  in  the  form  of  a  black  powder.  Henoe^ 
also,  a  pellicle  of  oxide  is  generally  observed  on  the  surface  of 
melted  solders,  which  is  renewed  as  soon  as  it  is  removed. 

8.  The  solubility  of  metals  in  acids  is  modified  by  their 
combination  with  each  other.  When  gold  is  alloyed  with  a 
small  proportion  of  si^yer,  the  latter  metal  is  protected  from 
the  action  of  the  nitric  acid,  and  in  order  to  render  it  soluble 
in  that  acid,  it  is  necessary  to  raise  its  proportion  to  one 
fourth  the  weight  of  the  alloy,  which  constitutes  the  process 
o{ quarlaiion.  In  a  similar  manner,  in  order  to  render  tin  capa- 
Ue  of  being  entirely  dissolved  out  of  an  alloy  of  that  metal 
with  antimony,  it  is  necessary  that  it  should  constitule  20 
parts  out  of  21  of  the  alloy  ;  in  which  case  the  tin  is  wholly 
dissolved  by  boiling  with  muriatic  acid,  and  the  antimony  is 
left  untouched*'*^  .    :i  .\ 

From  a  comparison  of  the  resemblances  among  metals,  both 
as  to  physical  and  chemical  properties,  several  arrapgement/s 
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of  them  have  been  formed  ioto  smaller  classes.  The  circnm- 
stance  on  which  a  subordinate  diTision  of  the  metals  is  perhaps 
best  founded,  is  the  nature  of  thdr  relation  to  oxygen.  With* 
out  creating  more  of  these  subdivisions  than  are  absolatdy 
necessary,  it  appears  to  me  that  they  may  be  conveniently  ar- 
ranged under  tlie  following  heads : — 

Class  I.  Metals,  that  afford  oxides,  which  cakkot 

BE  REDUCED  TO  A  METALLIC  FORM  WITHOUT  THE  ADDITIOII 
OF  COMBUSTIBLE   MATTER. 

Class  II.  Metals,  the  oxides  of  which  are  decom- 
posed BY  HEAT  ONLY. 

I.  The  FIRST  CLASS,  which  have  been  termed  base  metals^ 
to  distinguish  them  from  the  noble  or  perfect^  may  be  again 
subdivided  as  follows : — 

1.  Metals  that  are  either  known  from  experimeni,  or  be- 
lieved  from  analogy^  to  absorb  oxygen  at  high  degrees  of 
heatf  and  to  decompose  water  at  common  temperatures.  The 
metals  that  have  been  actually  ascertained  to  produce  these 
eflfects,  are  six,  viz. 

Potassium, 

Sodium, 

Lithium, 

Calcium, 

Barium,  and 

Strontium. 
There  is  a  striking  resemblance,  also,  between  the  proper- 
ties of  the  oxides  of  these  metals.  Those  of  potassium, 
sodium,  and  lithium,  are  readily  soluble  in  water ;  have  a 
peculiar  acrid  taste ;  change  certain  blue  vegetable  colours  to 
green,  and  some  yellow  ones  to  brown ;  neutralize  acids,  form- 
ing salts  which,  for  the  most  part,  are  easily  soluble ;  and,  from 
these  similarities,  have  been  classed  together  under  the  name  of 
alkalis.  With  these  oxides,  those  of  calcium,  barium,  and 
strontium  agree  so  nearly,  that  they  also  might,  without  any 
impropriety,  be  called  alkalis ;  but,  being  themselves,  as  well 
as  several  of  their  neutral  compounds  with  adds,  less  readily 
soluble  in  water,  they  have  been  termedi  perhaps  without 
soflSdent  reason,  alkaline  xabths. 


The  melalii  belonging  to  this  sub-diTisioii,  which  are  as  yet 
distinctly  known  to  us  onlj  when  in  combination,  but  which 
sie  presumed  from  analogy  to  have  a  similar  relation  to 
oxygen  and  water,  with  those  already  enumerated,  are  the 
seven  following : 


h 


Magnesium^ 

Glucinum, 

Yttrium, 

Aluminum, 

Thorinum, 

Zirconium,  and 

Silicium. 

The  oxides  of  these  seven  metals  are  sparingly  soluble  in 
water;  have  little  or  no  taste;  do  not  afford  solutions  in  water 
which  are  capable  of  acting  on  vegetable  blue  or  brown 
colours;  but  (silica  excepted)  unite  with  acids,  and  form  neu- 
tral salts^  They  have  been  hitherto  termed  earths,  or  earths 
proper;  though  the  grounds  of  their  distinction  firom  other 
metallic  oxides  are  constantly  becoming  more  limited.  It  has 
been  questioned  whether  one  of  these  bodies,  silica,  does  not, 
as  to  its  powers  of  combination,  exhibit  rather  the  qualities  of 
an  acid ;  and  whether  its  base,  which  some  writers  have  called 
silicon,  can  properly  be  arranged  among  metals. 

2.  The  second  sidhdivision  includes  those  metals,  which  ab" 
sorb  oxygen  from  atmospheric  air  at  high  temperatures ;  and 
decompose  water^  but  not  under  a  red  heat.  They  are  five  in 
number,  viz. 

Manganese, 
Zinc, 
Iron, 
Tin,  and 
Cadmium. 

The  last  of  these  is  associated  with  the  others,  from  the 
agreement  of  its  general  properties  with  those  of  tin. 

8.  Metals  of  the  third  sub-division  are  capable,  like  the  fbre^ 
gmngs  of  absorbing  oxygen  at  high  temperatures^  but  not  of  de^ 


emk/minff  mOer  «f  my  iemperaiur$m    Hmm  are  no  Iom  dum 
Jbnrteen  which  answer  to  this  desciiptiim ;  viz. 

Arsenic, 

Molybdenum, 

Chromiunii 

Tungsten, 

Columbian!, 

Antimony, 

Uranium, 

Cerium, 

Cobalt, 

Titanium, 

Bismuth, 

Copper, 

Tellurium,  and 

liead. 

Of  these  metals,  the  first  five  are  distinctly  acidifiaUe ;  and 
th^  nine  others  are  oxidizable  only. 

II.  The  secokd  class  of  metals,  the  oxides  of  which  are 
reducible  by  heat,  without  the  addition  of  combustible  matteTt 
iure  nine  in  number ;  yiz. 

Mercury, 

Silver, 

Gold, 

Platinum, 

Palladium, 

Rhodium, 

Indium, 

Osmium,  and 

Nickel, 

The  three  first  have  been  long  classed  together  under  the 
name  of  noble  or  perfect  metals  ;  and  the  remaining  ones  have 
been  associated  with  them,  as  they  have  been  successively  dis- 
covered. Nickel,  which  was  for  some  time  placed  among  the 
imperfect  metals,,  was  removed  a  few  years  since  into  this 
i^ass,  after,  a. more  accurate  investigation  of  its  rdlation  to 
oxygen,  '-    * 
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CLASS  I. 

3IETALS,    WHOSK  OXIDES    ARE    NOT    REDUCIBLE    BY    HEAT, 
WITHOUT  THE  ADDIT10S  OF  COMRUSTIfiLE  MATTER. 

DIVISION  I. 

M£T.\LS  THAT  ABSORB  OXYGEN  FROM  ATMOSPHERIC  AIR,  AND 
DECOMPOSE  WATER  AT  COMMON  TEMPERATURES. 

SECTION  I. 
Of  Potassium. 

This  metal  was  discovered  by  Sir.H.  Davy  in  1807»  and 
yrt^  obtained  from  a  substance  which  will  be  described  in  this 
iwction,  under  the  name  of  potassa.  To  this  discovery  and 
many  others  of  a  similar  kind,  that  distinguished  philosopher 
was  led  by  a  train  of  inductive  reasoning,  which  is  not 
surpassed  by  any  investigation  in  the  history  of  the  physical 
sciences. 

From  the  facts  which  have  been  stated  in  a  former  sec- 
tion^  respecting  the  powers  of  electrical  decomposition^  it 
appeared  to  be  a  natural  inference,  that  the  same  powers, 
applied  in  a  state  of  the  highest  possible  intensity,  might 
disunite  the  elements  of  some  bodies,  which  had  resisted  all 
other  instruments  of  analysis.  Ifpotassa,  for  example,  were 
an  oxide,  composed  of  oxygen  united  to  an  inflammable 
base,  it  seemed  probable,  that  when  subjected  to  the  action 
of  opposite  electricities,  the  oxygen  would  bo  attractcnl  by  tiie 
positive  wire  and  repelled  by  the  negative.  At  the  same  timet 
the  reverse  process  might  be  expected  to  take  place  with  respect 
to  the  combustible  base,  the  api)earance  of  which  might  bi* 
looked  for  at  the  negative  pole. 

In  his  first  experiments,  8uggeste<l  by  these  views,  Sir  H. 
Davy  fiiiled  to  effect  the  decomposition  of  potassa,  owing  to  his 
employing  the  alkali  in  a  state  of  aqueous  solution,  and  to  the 
eonsequent  expenditure  of  the  electrical  energy  in  the  mcrf 
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decomposition  of  water.  In  his  next  trials,  the  alkali  was  lique- 
fied by  heat  in  a  platinum  dish,  the  outer  surface  of  which,  im- 
mediately under  Uie  alkali,  was  connected  with  the  zinc  or  po- 
sitive end  of  a  battery  consisting  of  100  pairs  of  plates  ^^^ 
six  inches  square.  In  this  state,  the  potassa  was  touched  with  m 
platinum  wire  proceeding  from  the  copper  or  negative  end  oftb^ 
battery ;  when  instantly  a  most  intense  light  was  exhibited  ^ 
the  negative  wire,  and  a  column  of  flame  arose  from  the  poir^i 
of  contact,  evidently  owing  to  the  development  of  coctK 
bustible  matter.  The  results  of  the  experiment  could  no^ 
however,  be  collected,  but  were  consumed  immediately  on 
being  formed. 

The  chief  difficulty  in  subjecting  potassa  to  electrical  action 
is,  that  in  a  perfectly  dry  state  it  is  a  complete  non-conductor 
of  electricity.  When  rendered,  however,  in  the  least  degree 
moist  by  breathing  on  ^t,  it  readily  undergoes  fusion  and  de- 
composition, by  the  application  of  strong  electrical  powers. 
For  this  purpose,  a  piece  of  potassa,  weighing  from  60  to  70 
grains,  may  be  placed  on  a  small  insulated  plate  of  platina(D» 
and  may  be  connected,  in  the  way  already  described,  with  tbe 
opposite  end  of  a  powerful  electrical  battery,  containmg  not 
less  than  100  pairs  of  six  inch  plates.  On  establishing  (he 
connection,  the  potassa  will  fuse  at  both  places  where  it  it  in 
contact  with  the  platinum.  A  violent  cfTervescencc  will  be  seen 
at  the  upper  surface,  arising,  as  Sir  H.  Davy  has  ascertained, 
from  the  escape  of  oxygen  gas.  At  the  lower  or  negatirc  Hir* 
face,  no  gas  will  be  liberated  ;  but  small  bubbles  will  appear, 
having  a  high  metallic  lustre,  and  being  precisely  similar  in 
Tisible  characters  to  quicksilver.  Some  of  these  globules  bam 
with  an  explosion  and  bright  flame ;  while  others  are  merely 
tarnished,  and  are  protected  from  farther  change  by  a  white 
film,  which  forms  on  their  surface.*' 

This  production  of  metallic  globules  is  entirely  independent 
of  the  action  of  the  atmosphere ;  for  Sir  H.  Davy  found  that 
they  may  be  produce<l  in  vacuo. 

*  For  the  repetition  of  tbit  experiineut,  very  useful  practkptl  <iu*C" 
lions  may  be  found  in  a  paper   by  Mr.  Singcr.-*Nicholson't  Jouroal* 
^zxi%'.  174.     The  potassa,  submitted  to  electrical  action,  must  ofcoonebe 
'n  the  state  of  solid  hvdrate. 
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To  preserve  this  new  substance^  it  is  necessary  to  immerse  it 
immediately  in  pure  naphtha,  a  fluid  which  will  be  described 
in  a  subsequent  part  of  the  work.  If  exposed  to  the  atmo- 
sphere^ it  is  rapidly  converted  back  af^in  into  the  state  of 
pure  potassa.  To  prevent  its  oxidation  still  more  efl^UiaUy, 
Mr.  Pepys  has  proposed  to  produce  it  under  naphtha ;  and 
has  contrived  an  ingenious  apparatus  for  this  purpose,  which 
is  described  in  the  31  st  volume  of  the  Philosophical  Magazine, 
page  241* 

Nothing  then  can  be  more  satisfactory  than  the  evidence 
furnished  by  these  experiments,  of  the  nature  of  one  of  the 
fixed  alkalis.  By  the  powerful  agency  of  opposite  elect rici- 
liesy  it  is  resolved  into  oxygen  and  a  peculiar  base,*  This 
bose,  like  other  combustible  bodies,  is  repelled  by  positively 
electrified  surfaces,  and  attracted  by  negative  ones ;  and  hence 
its  own  natural  state  of  electricity  must  necessarily  be  po- 
•itive.  Again,  by  uniting  with  oxygen,  it  is  once  more 
changed  into  alkali,  either  slowly  at  ordinary  temperatures ; 
or  with  heat  and  light,  at  high  temperatures.  We  have 
,  the  evidence,  therefore,  both  of  analysis  and  synthesis,  that 
potassa  is  a  compound  of  oxygen  with  a  peculiar  inflammable 
basis. 

In  assigning  to  this  newly  discovered  substance  a  fit  place 
among  the  objects  of  chemistry.  Sir  H.  Davy  was  induced  to 
class  it  among  the  metals,  because  it  agrees  with  them  in  opacity, 
lustre,  malleability,  conducting  powers  as  to  heat  and  electri- 
city) and  iu  its  qualities  of  chemical  combination.  The  only 
property,  which  can  be  urged  against  this  arrangement,  is  its 
extreme  levity,  which  even  exceeds  that  of  water.  But  when 
we  compare  the  difierenccs  which  exist  among  the  metals 
.themselves,  this  will  scarcely  be  considered  as  a  valid  objec- 
tJoD.  Tellurium,  for  example,  which  no  chemist  hesitates  to 
.  consider  as  a  metal,  is  only  about  six  times  heavier  than  the 
of  potassa,  while  it  is  four  times  lighter  than  platinum  ; 


* i<i  I  » 


•  The  pro|>ortion5  of  oxygen  and  base  in  each  will  l>e  stated  at  tlie  cn?l  of 
the  articles  Potassium  and  Sodium. 
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thus  forming  a  sort  of  link  between  the  old  metals  and  the 
bases  of  the  alkalis. 

In  giving  names,  therefore,  to  the  alkaline  bases,  Sir  H.  Davy 
has  adopted  that  termination,  which,  by  common  consent,  ha^ 
been  applied  to  other  newly  discovered  metals,  and  whid^ 
though  originally  Latin,  is  now  naturalized  in  our  language 
The  base  of  potassa  he  has  called  potassium,  and  the  base  ^ 
soda  soniUM ;  and  these  names  have  met  with  universal 
ceptation  among  chemical  philosophers. 

Process  for  preparing  Polasshim* 

It  is  not,  however,  by  electrical  means  only  that  the  decom- 
position of  potassa  has  been  accomplished.  Soon  after  Sir 
H.  Davy's  discoveries  were  known  at  Paris,  Messrs.  Gay 
Lussac  and  Thenard*  succeeded  in  their  attempts  to  decom- 
pose both  the  fixed  alkalis,  without  the  aid  of  a  Voltaic  ^ 
paratus,  merely  by  the  intervention  of  chemical  aflbiitim. 
Their  process,  though  it  affords  the  alkaline  bases  cf  Iw 
purity,  yields  them  in  much  larger  quantity  than  the  dec* 
trical  analysis,  viz.  to  the  amount  of  nearly  400graiiiil7 
one  operation.  It  consists  in  bringing  the  alkalis  ii^ 
contact  with  intensely  heated  iron,  which,  at  this  tempen- 
ture,  attracts  oxygen  more  strongly  tlian  the  alkaline  hue 
retains  it. 

llie  apparatus,  used  for  obtaining  potassium,  has  a  genenl 
resemblance  to  that  which  is  employed  for  decomposing  water 
by  means  of  iron.  It  consists  of  a  gun-barrel  curved  as  in  the 
annexed  sketch,  which  is  copied  from  Thenard*s  Traits  de 
Chimie.  At  one  end  the  barrel  is  drawn  out  to  rather  a  smalkr 
diameter ;  and,  before  being  used,  it  is  to  be  covered  between 
B  and  F  with  a  lute  of  infusible  clay,  which  should  besoflcfed 
to  dry  thoroughly.  Into  the  barrel  between  F  and  B,  dean 
iron  turnings  are  to  be  introduced,  and  between  A  and  B 
pieces  of  solid  hydrate  of  potassa.  A  tube  of  safety  is  to  be 
luted  to  the  end  A,  and  is  to  be  immersed  in  mercury  in  the 


*  Annales  de  Chimie,  Ixt.  385 ;  or  Memoirs  d*Arcoeil,  ii.  t99. 
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gbss  vessel  M*  To  the  smaller  end  of  the  barrel,  a  short 
piece  of  copper  tube,  G,  is  accurately  ground,  and  to  this 
last  a  small  copper  receiver,  H,  destined  to  collect  the  potas- 
sium, is  fitted  by  grinding.  To  the  other  end  of  H,  a 
tube  of  safety,  I,  is  to  be  luted,  and  made  to  dip  into  mercury 
contained  in  the  vessel  L,  but  to  a  less  depth  than  the  safety 
tobeM. 

A  strong  heat  is  now  to  be  raised  in  the  furnace,  and,  while 
this  is  doing,  the  part  of  the  barrel  containing  the  potassa,  as 
well  as  the  end  F,  and  the  attached  copper  tube  and  receiver, 
dioold  be  kept  cool  by  wet  cloths.  If  gas  now  issues  abun- 
dantly through  the  safety  tube  I,  the  junctures  may  be  con- 
cloded  to  be  tight  When  the  barrel  has  become  white  hot, 
the  potassa  may  be  melted  by  burning  charcoal  contained  in  a 
moveable  cage  K.  It  will  then  flow  upon  the  intensely  ignited 
iron  turnings,  and  a  large  quantity  of  hydrogen  gas,  holding 
some  potassium  in  solution,  will  issue  through  the  safety  tube,  I. 
The  cage  may  now  be  removed  for  a  slioit  time;  and,  when 
the  production  of  gas  slackens,  it  may  be  restored  to  its  place. 
These  operations  may  be  repeated  alternately  till  no  more  gas 
is  evolved ;  after  which  the  heat  in  the  furnace  should  be  made 
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as  intense  at  possible,  in  order  to  drive  off  some  of  the  potas- 
sium which  strongly  adheres  to  the  iron  turnings.  If  the 
escape  of  gas  through  I  should  at  any  time  cease  during  the 
operation,  and  take  place  through  M,  this  will  probably  be 
owing  to  a  lodgment  of  potassium  at  the  end,  F,  of  the  barrel^ 
from  which  it  may  be  melted  into  the  copper  receiver,  by 
holding  a  little  red-hot  charcoal  under  the  part  where  it 
lias  condensed.  The  principal  difficulty,  in  the  process  of 
decomposing  potassa,  is  to  excite  sufficient  heat  without  melt- 
ing the  gun-barrel;  and  to  this  object  the  attention  of  the  ope-* 
rator  must  be  carefully  directed,  throughout  the  whole  mani- 
pulation. 

At  the  close  of  the  operation,  as  soon  as  the  vessels  G  and 
H  are  sufficiently  cool,  they  are  to  be  removed,  then  filled 
with  naphtha,  emptied  again,  and  quickly  stopped  with  corict. 
As  a  portion  of  potassium  generally  remains  in  the  end  F|  the 
■  barrel  should  also  be  plugged  by  an  iron  stopper  provided  for 
the  purpose.     When  sufficiently  cold  it  may  be  removed  firon 
the  furnace,  and  a  little  na}ihtba  be  passed  through  it.    Tbe 
potassium  must  be  detached  in  as  large  pieces  as  possible  fron 
the  barrel,  and  from  the  copper  receiver,  and  be  kept  under 
rectified  naphtha  in  a  well-stopped  vial. 

When  the  iron  turnings  are  very  clean,  the  potash  toj 
dry  and  pure,  and  the  whole  apparatus  free  from  fbrejip 
matters,  the  metal  produced  differs  very  little  from  that  ob- 
tained by  a  Voltaic  battery.  Its  lustre^  ductility,  and  nisUe- 
ability  are  similar.  Its  point  of  fusion  and  specific  graTitjr* 
however,  are  a  little  higher;  for  it  requires  nearly  ISQP  Fabr. 
to  render  it  perfectly  fluid,  and  is  to  water  as  796  to  lOOO  at 
60^  Fahrenheit.  I'his  Sir  H.  Davy  ascribes  to  contaminatioo 
with  a  minute  proportion  of  iron.  The  affinities,  indeed,  by 
which  the  decomposition  is  produced,  he  supposes  to  be  tboie 
of  iron  for  oxygen,  of  iron  for  potassium,  and  of  potassium  for 
hydrogen. 

Charcoal,  it  has  been  asserted  by  Curaudau,*  may  be  eiD- 
ployed,  also,  for  the  decomposition  of  the  alkalies.     To  cDSor^ 


*  NicUoliDQ*s  Joumii^  xmt,  S7. 
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snccess  in  the  process,  great  attention,  it  appears,  is  necessary 
to  the  manipalations,  which  are  fully  described  in  the  memoir 
of  the  inventor.  The  fact  sufficiently  explains  an  observation 
of  Professor  Woodhouse.*  A  mixture  of  half  a  pound  of 
soot  and  two  ounces  of  pearlash  was  exposed,  for  two  hours^ 
in  a  covered  crucible  to  an  intense  heat.  When  the  mixture 
became  cold  it  was  emptied  upon  a  plate,  and  a  small  quantity 
of  water  poured  upon  it,  when  it  immediately  took  fire.  This 
could  only  be  owing  to  the  conversion  of  part  of  the  potassa 
into  potassiunx. 

Properties  of  Potassium. 

I.  The  base  of  potassa,  at  70^  Fahrenheit,  exists  in  small 
globules,  which  possess  the  metallic  lustre,  opacity,  and  gene- 
nl  appearance  of  mercury ;  so  that  when  a  globule  of  mercury 
is  placed  near  one  of  potassium  the  eye  can  discover  no  differ* 
ence  between  them.  At  this  temperature,  however,  the  metal  is 
only  imperfectly  fluid ;  but,  when  gradually  heated,  it  becomes 
i&oreand  more  fluid ;  and  at  150^  Fahr.  its  fluidity  is  so  perfect 
diat  several  globules  may  easily  be  made  to  run  into  one. 

By  reducing  its  temperature,  potassium  becomes,  at  50^ 
Fahrenheit,  a  soft  and  malleable  solid,  which  has  the  lustre  of 
polisbed  silver.     It  is  soft  enough,  indeed,  to  be  moulded  by 
^e  fingers  like  wax,  but  should  be  covered  by  a  film  of  naphtha 
to  prevent  it  from  taking  fire.     At  about  the  freezing  point  of 
W^er,  it  becomes  hard  and  brittle,  and  exhibits,  when  broken^ 
^  crystallized  texture,  which,  in  the  microscope,  seems  com- 
posed of  beautiful  facets  of  a  perfect  whiteness  and  high  me* 
^li€  splendor. 

To  be  converted  into  vapour,  it  requires  a  temperature  ap* 
pToaching  that  of  a  red  heat;  and,  when  the  experiment  is 
Conducted  under  proper  circumstances,  it  is  found  unaltered 
^Iter  distillation. 

II.  Potassium  is  a  perfect  conductor  both  of  electricity  and 

^fheat 

III.  Its  specific  gravity  at  SOP  Fahrenheit,  making  some 
allowance  for  unavoidable  errors  in  the  experiment,  is«  accord- 


*  Nicholson's  Joornal,  xxi.  S90. 
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|ng  to  Gay  Lussac  and  Thenarcl,  0.865.  Bucliolz  states  it 
at  0.876,  and  Sir  H.  Davy,  in  general  terms,  at  between  .8  and 
^9,  water  being  considered  as  1. 

IV.  At  the  temperature  of  the  atmosphere,  potassium  acts 
on  oxygen  gas,  even  when  the  gas  is  deprived  of  its  bygrome- 
trical  moisture;  but  to  produce  its  full  effect  it  is  necessary 
that  it  should  be  in  thin  flattened  pieces,  as  it  soon  becomes 
covered  with  a  coating  of  oxide  which  protects  the  mass  be- 
neath from  further  action.  If  heated  nearly  to  redness,  or  to 
its  point  of  vaporization,  it  burns  with  a  brilliant  white  flame 
and  a  very  intense  heat. 

V.  Potassium  appears  to  be  susceptible  of  different  degrees 
or  stages  of  oxidizcment.     Istly,  By  heating  it  to  a  pointy 
below  what  is  necessary  for  its  inflammation,  cither  in  common 
air  or  oxygen  gas ;  or  (which  is  still  better),  by  confining  it, 
ibr  some  days,  in  an  empty  phial  loosely  corked,  a  substance 
is  formed  of  a  bluish  grey  colour,  softer  than  wax,  and  readOy 
fusible.     This  substance  takes  fire  in  oxygen  gas,  or  even 
common  air,  at  about  70^  Fahrenheit,  and  acts  on  water, 
giving  out  hydrogen,  but  in  less  quantity  than  is  extricated  bj 
potassium.     It  is  now,  however,  generally  considered  not  as  a 
c]istinct  oxide,  but  a  mixture  of  that  which  is  next  to  be  des- 
cribed with  metallic  potassium. 

2.  The  true  protoxide  of  potassium  is  best  obtained  by  ibe 
action  of  potassium  on  water.  This  is  attended  with  some 
striking  phenomena.  When  potassium  is  thrown  upon  water 
exposed  to  the  atmosphere,  or  when  it  is  brought  into  con- 
tact with  a  drop  of  water,  it  decomposes  the  water  with  great 
violence;  an  instantaneous  explosion  is  produced  with  a  vehe- 
ment flame;  and  a  solution  of  pure  potassa  is  the  result.  The 
hydrogen  gas,  which  is  disengaged,  appears  to  dissolve  a  portiou 
of  potassium;  for,  on  escaping  into  the  air,  it  forms  a  while 
ring  of  smoke,  gradually  enlarging  as  it  ascends,  like  the  bL 
phosphureted  hydrogen  gas. 

When  water  is  made  to  act  on  the  base  of  potassa,  atmo- 
spheric air  being  excluded,  there  is  much  heat  and  noise,  but 
no  luminous  appearance;  and  the  gas  evolved  is  pure  hydro- 
gen. Each  grain  of  potassium,  by  acting  on  water,  detaches 
about  1.06  cubic  inch  of  hydrogen  gas. 
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If  a  globule  of  the  base  of  potassa  be  placed  on  ice,  it  in- 
stantly burns  with  a  bright  flame,  and  a  deep  hole  is  made  in 
the  ice,  filled  with  a  fluid  wliich  is  found  to  be  a  solution  of 
potassa. 

The  production  of  alkali,  by  the  action  of  water  on  potas- 
sium,  is  most  satisfactorily  shown,  by  dropping  a  globule  of 
the  metal  upon  moistened  pn|)er,  whicli  has  been  tinged  with 
turmeric.  At  the  moment  when  the  globule  comes  into  con^ 
tact  with  the  paper,  it  burns,  and  moves  rapidly,  as  if  in 
search  of  moisture,  leaving  behind  it  a  deep  reddish  brown 
trace,  and  acting  upon  the  puper  exactly  like  dry  caustic 
potassa.  So  strong,  indeed,  is  the  afiinity  of  potassium  for 
oxygen,  that  it  discovers  and  decomposes  the  small  quantities 
of  water  contained  in  alcohol  and  ether,  even  when  carefully 
purified,  and  disengages,  from  both  these  fluids,  hydrogen  gas. 

On  naphtha,  colourless  and  recently  distilled,  potassium  has 
very  little  power  of  action  ;  but  in  naphtha,  which  has  been 
eqx)sed  to  the  air,  it  soon  oxidates,  and  alkali  is  formed. 
This  unites  with  the  naphtlia  into  a  brown  soap,  that  collects 
Yoond  the  globules. 

Poiassa.^^Hi/draie  of  Potassa. — Peroxide. 

It  was  important  to  determine  the  proportions,  in  which 
potassium  and  oxygen  unite  when  potassa  is  regenerated.  This 
Sir  H.  Davy  investigated  by  two  different  processes.  The 
one  consisted  in  ascertaining  how  much  oxygen  gas  is  ab- 
sorbed by  a  known  weight  of  potassium :  the  other,  how  much 
hydrogen  is  disengaged  from  water  by  that  metal ;  and  dividing 
the  evolved  hydrogen  gas  by  2,  he  learned  the  quantity  of 
oxygen  wliich  had  been  abstracted  from  the  water.  By  the 
united  evidence  of  these  methods  of  investigation,  he  deter- 
mined that  75  parts  of  potassium,  to  become  potassa,  absorb 
15  parts  by  weight  of  oxygen,  a  result  which  coincides  very 
nearly  with  that  of  Gay  Lussac  and  Thenard,  who  found  that 
100  of  potassium  combine  with  19.5)45,  or,  in  whole  numbers, 
with  20  of  oxygen.     Hence  potassa  contains 

Potassium 83.34* 

Oxygen 16.66 

100. 
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And  15  :  75 ::  8  :  40 :  potassa,  therefore,  U  cofwtitated  of  1 
atom  of  potaseium  =  40,  -f  1  atom  of  oxygen  sz  s ;  and  its 
representative  number  is  48. 

This,  however,  applies  to  potassa,  only  when  perfectly  pore^ 
and  free  from  water.  In  this  state  it  is  white^  extremely  caus- 
tic, turns  the  syrup  of  violets  green ;  is  fusible  a  little  above 
a  red  heat;  is  deliquescent,  and  therefore  very  soluble  in 
vrater;  when  heated  in  oxygen  gas  absorbs  a  farther  propor- 
tion of  oxygen,  and  from  the  state  of  protoxide  passes  to 
that  of  the  orange-coloured  perari</e. 

The  precise  nature  of  the  orange-colonred  compound 
first  explained,  and  its  properties  examined,  by  Gay 
and  Thenard.  It  is  fusible  at  a  lower  heat  than  hydrate  of 
potassa,  and  crystallizes  in  lammse  by  cooling.  When 
thrown  into  water,  oxygen  gas  is  evolved,  and  it  passes  to  the 
«tate  of  protoxide.  The  same  change  occurs  by  exposing  it 
on  a  platinum  tray,  coated  with  fused  chloride  of  potamna^ 
to  a  heat  considerably  above  that  at  which  it  was  prodooed. 
It  is  constituted  of  1  atom  of  potassium  s  40,  +  5  atoms  of 
oxygen  =  24,  and  its  representative  number  is  64. 

Potassa,  as  generally  obtained  by  chemical  operations,  is  not 
the  pure  protoxide,  but  is  intimately  united  with  a  certain  prth 
portion  of  water.  The  credit  of  this  discovery  is  doe  to 
Darcet,  who  has  establisheil  his  claim  to  it  very  satisfactmly. 
The  solid  hydrate  of  potassa  appears  to  be  constituted  of  an 
atom  of  protoxide  ss  48,  +  an  atom  of  water  =  9,  and  its  equi- 
valent number,  therefore^  is  57.  Hence  100  parts  of  hydrate 
of  potassa  will  contain  very  nearly 

Protoxide  of  potassium 84 

Water 16 


100 
Hydrate  of  potassa  may  be  prepared  as  follows.  Dissolve 
any  quantity  of  American  or  Dantzic  pearlash  in  twice  iti 
weight  of  boiling  water ;  or,  if  the  alkali  be  required  partico- 
iarly  pure,  substitute  carbonate  of  potassa,  which  has  been 
prepared  by  burning  a  mixture  of  one  part  of  pure  nitre  with 
two  of  super-tartrate  of  potassa.  Add  this  solution  to  an  equal 
weight  of  fresh  burned  quick  lime,  first  slaked  to  a  fine  powdefi 
and  then  diffused  through  water  sufficient  to  render  the  mix* 
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ture  quite  fluid.  Boil  these  ingredients  in  an  iron  kettle,  and 
continue  stirring  for  half  an  hour.  Then  separate  the  liquid 
alkali,  either  by  subsidence,  or  by  straining  through  calico, 
and  boil  it  to  dryness  in  a  silver  dish.  Put  the  dry  mass  into 
a  bottle,  and  |x>ur  upon  it  as  much  pure  alcohol  as  is  necefr- 
si^ry  to  dissolve  all  that  is  soluble  in  that  fluid.  Then  decant 
the  alcoholic  solution  of  potassa,  and  distil  ofl*  the  alcohol,  m 
aa  alembic  of  pure  silver  fitted  with  a  glass  head.  (See  pi.  T. 
fig.  2.)  Peur  the  alkali,  when  in  fusion,  upon  a  silver  dish,  and, 
as  soon  as  cold,  break  it  into  pieces,  and  preserve  it  in  well- 
stopped  vials.  If  the  whole  of  the  alcohol  be  not  thus  separat- 
ed, the  hydrate  of  potassa  will  shoot,  on  cooling,  into  regular 
crystals.  For  common  purposes,  it  is  sufficient  to  boil  down 
the  watery  solution,  and  to  fuse  the  residue;  and  thus  pre- 
pared, especially  when  procured  from  nitre  and  tartar,  it  is 
suflSciently  pure  for  aflbrdiug  potassium.  In  all  accurate  ex- 
periments, however,  it  is  necessary  to  employ  hydrate  of 
potassa  which  has  been  purified  by  alcohol. 

From  the  electro-chemical  researches  of  Sir  H.  Daw,  it 
appears  that  potassa  is  not  completely   deprived  of  carbonic 
add  by  any  process  hitherto  employed  for  its  preparation 
It  is  probable  that  the  method  suggested  by  Darcet,  of  remov- 
ing the  last  portions  of  carbonic  acid  from  the  alkaline  solu- 
tion,   after  the  action  of  quicklime,  by  adding  solution  of 
barytes,  would  be  found  efiectual.     The  potassa  is  apt,  during 
the  concentration  in  the  alembic,  to  act  upon  the  alcohol,  aad 
disengage  a  portion  of  charcoal ;  and  to  dissolve,  also,  a  minute 
C|nantity  of  silver. 

The  solution  of  hydrate  of  potassa  has,  when  concentrated^ 
on  intensely  acrid  taste,  and  destroys  the  texture  of  animal 
ond  vegetable  substances.  It  clianges  the  colour  of  the  violet 
to  green ;  neutralizes  acids  without  efiervescing  with  them ; 
irenders  oils  miscible  with  water ;  and  disfiolves  resins.  Hence 
it  is  powerfully  detergent. 

It  is  often  of  importance  to  know  the  quantity  of  real  po* 
tassa  contained  in  solutioes  of  difierent  specific  gravities.  For 
this  purpose,  the  following  TaUe  has  been  constructed  by 
Mr.  Dalton.  The  first  of  the  liquid  compounds  is  that  coor* 
taining  1  atom  of  potassa  +  %  aUHns  of  water. 


508 


OP   METALS. 


CBAV.  IX. 


Table  of  the  Quantify  of  Real  Potassa  in  watery  SoltUions  of 

different  Specific  Gravities. 


Atoms  of 

Potassa 

per  cent. 

by  weight. 

Potassa 

per  cent. 

by  measure. 

Specific 

Congealing 

Boiling 

pot.  water. 

Gravity. 

point. 

point. 

1    +    0 

100 

240 

2.4 

unknown. 

unknown. 

1    -f    1 

84 

185 

2.2 

1000° 

red  beat. 

1    +   2 

72.4 

145 

2.0 

500° 

600° 

1    +   3 

63.6 

119 

1.88 

340° 

420° 

1+4 

56.8 

101 

1.78 

220° 

360° 

1    +   5 

51.2 

86 

1.68 

150° 

320° 

1    +   6 

46-7 

75 

1.60 

100° 

290° 

1    +   7 

42.9 

65 

1.52 

70° 

276° 

1    +   8 

39.6 

58 

1.47 

50° 

265° 

1    +   9 

36.8 

5S 

1.44 

40° 

255^ 

1    +J0 

34.4 

49 

1.42 

246° 

32.4 

45 

1.39 

240° 

29.4 

40 

1.36 

2S4° 

26.3 

35 

1.33 

229° 

2.3.4 

30 

1.28 

224° 

19.5 

25 

1.23 

220° 

16.2 

20 

1.19 

218° 

IS 

15 

1.15 

215'' 

9.5 

10 

1.11 

214° 

4.7 

5 

1.06 

21  S° 

Chloride  of  Potassium. 

When  potassium  is  heated  in  chlorine  gas,  it  burns  mach 
more  vividly  than  in  oxygen;  each  grain  absorbs  1.1  cubic 
inches  of  the  gas,  and  a  neutral  compound  is  formed,  which 
is  a  true  chloride  of  potassium.  The  same  compound  is 
formed  by  healing  potassium  in  muriatic  acid  gas,  for  in  this 
case  the  gas  is  decomposed  into  chlorine,  which  unites  with 
the  metal,  and  hydrogen,  which  is  liberated  in  a  gaseous  state. 
It  may  also  be  procured  by  dissolving  either  hydrate  or  car* 
bonatc  of  potassa  in  muriatic  acid,  and  evaporating  the  solu- 
tion to  perfect  dryness.  In  the  first  instance,  muriate  of 
potassa  is  formed,  which,  by  the  subsequent  application  of 
heat,  is  converted  into  chloride  of  potassium ;  the  hydrogen  of' 
the  muriatic  acid  uniting  with  the  oxygen  of  the  potassa,  uA 
forming  water  which  is  volatilized. 
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According  to  Sir  H.  Davy,  chloride  of  potassium  is  con* 
stitoted  of  75  potassiam  +  67  chlorine,  proportions  which 
nearly  agree  with  those  stated  by  Gay  Lussac,  viz.  111.31 
potassium  +  100  chlorine.  Hence  it  is  composed  of  1  atom 
of  potassium,  =  40,  +  1  atom  of  chlorine  =  S6,  and  its  equi- 
valent number  is  76.  One  hundred  grains,  according  to  Ber- 
zelius,  when  dissolved  in  water,  and  decomposed  by  nitrate 
of  silver,  yield  192.4  pf  fused  chloride  of  silver,  formerly  called 
inna  cornea. 

When  chloride  of  potassium  is  dissolved  in  water,  a  double 
elective  affinity  is  supposed  to  operate;  water  is  decomposed ; 
ita  hydrogen,  uniting  with  the  chlorine,  composes  muriatic 
add ;  and  the  oxygen  of  the  water,  being  transferred  to  the 
potassium,  constitutes  potassa.  The  acid  and  alkali  together 
form  muriate  of  potassa.  By  evaporating  the  solution, 
crystals  are  again  obtained  of  chloride  of  potassium.  These 
crystals  are  cubical,  have  a  bitter  disagreeable  taste;  undergo 
little  change  when  exposed  to  the  air ;  and  when  suddenly 
heated  to  redness  decrepitate,  with  a  very  trifling  loss  of 
weight,  arising  from  the  escape  of  a  little  water.  They  are 
acduble  in  three  times  their  weight  of  water  at  60^  Fahr.  and 
in  a  rather  less  proportion  of  boiling  water. 

Considered  as  muriate  of  potassa  (in  which  state  this  salt 
nust  always  exist  when  in  watery  solution),  it  may  be  regard- 
ed as  constituted  of  an  atom  of  muriatic  acid  37,  and  an  atom 
of  potassa  48,  and  its  representative  number  is  85.  Under 
this  view,  it  is  constituted  of 

Acid 36.57 

Potassa    63.43 


100. 
Iodide  of  Poiassium. 

This  compound  may  be  formed,  by  heating  potassium  in  « 
ti^  of  green  glass  with  an  excess  of  iodine.  At  the  moment 
of  combination  light  appears,  which,  being  seen  through  the 
vapour  c^  iodine,  has  a  purple  hue. 

Iodide  of  potassium  enters  into  fusion,  and  is  volatilized  at 
a  heat  below  redness.    It  dissolves  readily  in  water,  which. 
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during  floliKion,  it  decomposes,  forming  a  ncatnl  hydriodate 
bfpotussa.  It  is  constituted  of  1  atom  ofpotnsainm  ==  40^  4 
1  atom  of  iodine  =  125,  and  its  representative  number  is  165; 
100  of  potassium  are  combined,  therefore^  with  SI9  of  iodiiie 

pQlassium  with  Simple  Acidifialle  Bodies. 

JVith  hydrogen^  it  forms  two  compounds,  the  one  gaseous^ 
the  other  solid.  The  first  results  from  the  action  of  pot»- 
sium  on  water,  the  hydrogen  of  whicli,  while  in  a  nascent  stile^ 
dissolves  a  portion  of  the  metaL  It  may,  also,  as  appein 
from  Sir  H.  Davy's  experiments,  be  formed,  directly,  by 
heating  the  metal  in  hydrogen  gas.  A  large  portion  of 
potassium  is  thus  dissolved ;  but  the  greater  part  precipitatn 
on  cooling. 

This  gas  is  spontaneously  inflammable  in  the  atmoqibere; 
bums  with  a  very  brilliant  light,  which  is  purple  at  the  edgn; 
and  throws  off  dense  vapours  of  potassa.     It  loses  its  intiin- 
inability  by  keeping ;  is  heavier  than  hydrogen  gas ;  and  is    ; 
very  dilatable  by  electricity.     Besides  the  gas,  which  is  spos-    ; 
taneously  combustible,  there  is  also,  according  to  Scfmentisi,    ^ 
another  compound  of  potassium  and  hydrogen,  which  is  set    ; 
possessed  of  this  property,  and  probably  contains  a  lev  pro- 
portion of  the  combustible  metal. 

Gtiy  Lussac  and  Tliennrd*  have  succeeded,  also,  in  form- 
ing a  solid  compound  of  potassium  and  hydrogen.  Tbe 
process  consists  in  heating  the  metal  in  hydrogen  gas;  vtA 
the  only  difiiculty  is  to  regulate  the  heat,  for  a  high  tempe- 
rature decomposes  the  compound.  The  flame  of  a  spirit 
lamp,  applied  to  potassium,  111  a  retort  filled  with  hydrogen 
gas,  occasions  an  absorption  of  the  gas,  and  the  formation  of 
a  solid  hydmrel  ofpotas.'iium. 

The  colour  of  this  substance  is  grey ;  it  is  destitute  of  me- 
tallic lustre;  and  is  infusible.  It  is  not  inflammable,  either  in 
air  or  in  oxygen  gas  at  common  temperatnrea,  bat  bum  vi- 
vidly at  a  high  one.  When  strongly  heated  in  a  dose  vod, 
it  is  totally  decomposed ;  all  the  hydrogen  it  contains  ii  libe- 
rated in  the  state  of  gas ;  and  the  potassium  renaaina.    WImd 
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-brought  into  contact  with  heated  mercury,  hydrogen  gas  is 
evolred,  and  an  amalgam  of  potassium  and  mercury  is  pro- 
duced. 

Nitrogen  gas  has  not,  at  any  temperature,  any  action  on 
potassium. 

Potassium  with  Sulphur, — When  sulphate  of  potassa  is  de* 
composed  by  hydrogen  gas  or  by  charcoal  at  a  red  heat,  the 
residue  is  a  compound  of  sulphur  and  potassium.  It  is  diffi- 
cvlt  to  obtain  it  perfectly  pure,  for  it  acts  both  on  gloss  and 
OB  platinum.  When  prepared  in  glass,  it  has  a  pale  cinoa- 
bar  colour,  and  a  crystalline  fracture ;  fuses  at  a  heat  belovir 
redness;  and  then  becomes  dark  and  opaque.  It  attracts 
■KMsture  from  the  air,  and  dissolres  into  a  yellowish  fluid 
which,  when  diluted  with  water,  becomes  colourless.  This 
appears  to  be  a  sulphuret  of  the  first  degree  of  sulphura* 
tion. 

By  fusing  sub-carbonate  of  potassa  with  double  its  weight 
of  sulphur,  out  of  the  contact  of  air,  a  sulphuret  of  potassium 
is  formed  in  which  100  of  the  metal  are  united  with  207.7  of 
selphur,  which  is  equivalent  to  10  atoms*  Varying  the  pro* 
portions,  Berselius,  to  whom  we  owe  these-  facts,  obtained 
9ulphurets  which  he  regards  as  compounds  of  1  atom  of  po* 
tasMum  with  S,  4,  6,  7,  8,  9,  and  10  atoms  of  sulphur.* 

When  potassium  is  fused  with  sulphur,  in  a  vessel  filled 
with  the  vapour  of  naphthn,  a  rapid  combination  ensues,  ac* 
eompanied  with  heat  and  light,  and  a  disengagement  of  sul- 
pbureted  hydrogen*  The  result  is  a  grey  sulphuret  of  potas- 
rimm  not  unlike  artificial  sulphuret  of  iron.  Its  formation 
and  pro|)eriie8  have  been  investigated  by  Vauquelin.f 

The  phosphuret  of  potassium  may  be  formed  by  fusing  potas- 
Mum  with  phoephorns  under  nnpittha.  It  requires  for  its 
fMon  a  stronger  heat  than  either  of  its  constituents.  It  is  of 
die  eoloiir  of  lead  ;  and,  wlien  spread  out,  has  a  lustre  similar 
to  poKsbed  lead.  By  exposure  to  the  air,  or  by  rapid  com- 
bastion,  it  forms  phosphide  of  potoesa.  Besides  this,  there  it, 
also,  a  tfhoeolale  coloured  compound  of  potaa&ium  and  pbos* 
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and  the  first  products  only  of  crystals  are  to  be  reserved  fir 
use ;  tor  the  subsequent  products  consist  of  common  muriate 
of  potassa  only. 

When  obtained  by  the  absorption  of  chlorine  by  solutioo 
of  potassa^  the  changes  which  take  place  admit  of  being  ex- 
plained as  follows.     Part  of  the  chlorine  may  be  employed 
in  decomposing  the  water  of  the  alkaline  solution^  formioi^ 
vith  its  hydrogen,  common  muriatic  acid,  while  another  por- 
tion of  chlorine  unites  with  the  oxygen  thus  set  at  liberty;— 
or  the  change  may  consist  in  the  decomposition  of  potassa,  tlie 
oxygen  of  one  portion  of  which  may  be  transferred  to  anodMr 
portion,  while  the  chlorine  is  partly  expended  in  decompoiiog 
water  and  forming  muriate  of  potassa^  and  partly  in  (ormiDg 
a  triple  compound  of  chlorine,  oxygen^  and  per-oxide  of  po* 
tassium.     In  this  view,  chlorate  of  potassa  is  constituted  of  1 
atom  of  potassium  weighing  40,  1   atonr  of  chlorine  a  96» 
and  6  atoms  of  oxygen  =  48 ;  and  its  equivalent  number  ii 
the  sum  of  these^  viz.  124. 

Even  by  the  advocates  of  the  simple  nature  of  chlorine^  t«o 
different  views  have  been  taken  of  this  class  of  jsalts.  By  Gsjf 
Lussac,  the  chlorates  are  considered  as  compounds  of  chloric 
acid  with  alkaline  and  earthy  bases ;  by  Sir  H*  Davy,  thqr 
are  regarded  as  triple  compounds  of  one  atom  of  chlorine} 
one  atom  of  metallic  base,  and  six  atoms  of  oxygen.  Bot 
chloric  acid  being,  as  is  deduciblc  from  the  experiments  of 
Gay  Lussac,  compounded  of  five  atoms  of  oxygen  with  one 
atom  of  chlorine;  there  is  no  difference  as  to  the  facts,  what- 
ever there  may  be  as  to  their  explanation.  This  will  appear 
from  the  following  comparative  statement. 

According  to  Davy, 

C    1  atom  of  metallic  base 
Chlorates  consist  of  ^    1  atom  of  chlorine 

^   6  atoms  of  oxygen. 

According  to  Gay  Lussac, 

1  atom  of  base,  f  1  atom  metal 
Chlorates  are  com- J    consisting  of     \  1  atom  oxygeo. 
posed  of  ]    1  atom  of  chlo-  /  5  atom  oxvgcn 

ric  acid  \  1  atom  chlorine. 

It  will  easily  be  perceived,  on  examining  these  statements, 
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that  the  same  proportions  of  elements  are  assigned  by  both 
philosophers  to  the  chlorates,  and  that  the  only  diflerence  is 
as  to  the  manner  in  which  those  elements  are  arranged. 
The  chlorate  of  potassa  has  the  following  qualities  : 

(a)  It  has  the  form  of  shining  hexaedral  laminsB,  or  rhom* 
boidal  plates. 

(b)  One  part  of  the  salt  requires  17  of  cold  water  for 
solution,  but  five  parts  of  hot  water  take  up  two  of  the 
salt. 

(c)  It  is  not  decomposed  by  exposure  to  the  direct  rays  of 
the  sun,  either  in  a  crystallized  or  dissolved  state. 

(d)  When  chlorate  of  potassa  is  submitted  to  distillation  in 
a  coated  glass  retort,  it  first  fuses,  and,  on  a  farther  increase  of 
temperature,  yields  oxygen  gas  of  great  purity.  A  hundred 
grains  of  the  salt  afford  75  cubic  inches  of  gas  (=  about  25^ 
grains  of  gas),  containing  not  more  than  three  per  cent,  of 
nitrogen  gas.  Berzelius,  from  the  same  quantit}',  obtained  a 
much  larger  product  of  gas,  viz.  39.15  grains  =  112  or  114 
cubic  inches.*  And  Gay  Lussac  found  that  100  grains  give 
58.88  grains  of  oxygen,  and  61.12  of  chloride  of  potassium, 
containing  28.98  chlorine  and  32.19  potassium.  The  residue 
of  this  distillation,  Vauquelin  asserts,f  is  sensibly  alkaline ;  from 
whence  it  should  appear  that  the  capacity  of  saturation  is  less 
in  chlorine  than  in  chloric  acid. 

(e)  The  chlorate  of  potassa  has  no  power  of  discharging  ve- 
getable colours ;  but  the  addition  of  a  little  sulphuric  acid,  by 
setting  chlorine  at  liberty,  developes  this  property. 

( /)  The  salt  is  decomposed  by  the  stronger  acids,  as  the 
sulphuric  and  nitric.  This  may  be  proved  by  dropping  a  few 
grains  of  the  salt  into  a  little  concentrated  sulphuric  acid.  A 
strong  smell  will  arise,  and,  if  the  quantities  be  sufficiently 
large,  an  explosion  will  ensue.  The  experiment  should^ 
therefore,  be  attempted  with  caution.  When  this  mixture 
is  made  at  the  bottom  of  a  deep  vessel,  the  vessel  is  filled  with 
euchlorine  gas,  which  inflames  sulphuric  ether,  alcohol,  or  oil 
of  turpentine,  when  poured  into  it;  and  also  camphor,  resin, 
tallow,  elastic  gum,  &c.  (Davy.)— By  the  action  of  sulphuric 
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acid,  regulated  as  already  described,  peculiar  gaseous  com- 
pounds result. 

Muriatic  acid,  as  has  already  been  stated,  disengages  chlo- 
rine, and  the  addition  of  a  few  grains  of  the  salt  to  an  ounce 
measure  of  the  acid,  imparts  to  it  the  property  of  dischar]giog 
vegetable  colours. 

(g)  Chlorate  of  potassa  exerts  powerful  efiects  on  inflamma- 
ble bodies. 

1.  Rub  two  grains  into  powder  in  a  mortar,  and  add  one 
grain  of  sulphur.  Mix  them  very  accurately,  by  gentle  tri- 
ture,  and  then,  having  collected  the  mixture  to  one  part  of 
the  mortar,  press  the  pestle  down  upon  it  suddenly,  and  for- 
cibly. A  loud  detonation  will  ensue.— Or,  if  the  mixed  in- 
gredients be  wrapped  in  some  strong  paper,  and  then  struck 
with  a  hammer,  a  still  louder  report  will  be  produced. 

2.  Mix  five  grains  of  the  salt  with  half  the  quantity  of  pow- 
dered charcoal  in  a  similar  manner.  On  triturating  the  mix- 
ture strongly,  it  will  inflame,  especially  w*ith  the  addition  of  a 
grain  or  two  of  sulphur,  but  not  with  much  noise. 

S.  Mix  a  small  quantity  of  sugar  with  half  its  weight  of  tlie 
salt,  and  on  the  mixture  pour  a  little  strong  sulphuric  acid.* 
A  sudden  and  vehement  inflammation  will  be  produced.  Tbb 
experiment,  as  well  as  the  following,  requires  caution. 

4>.  To  one  grain  of  the  powdered  salt,  in  a  mortar,  add 
about  half  a  grain  of  phosphorus.  The  phosphorus  will  deto- 
nate, on  the  gentlest  triture,  with  a  very  loud  report.  The 
hand  should  be  covered  with  a  glove  in  making  this  cxperi- 
ment,  and  care  should  be  taken  that  the  phosphorus,  in  an 
inflamed  state,  does  not  fly  into  the  eyes. — Phosphorus  may 
also  be  inflamed  under  the  surface  of  water  by  means  of  ibis 
salt.  Put  into  a  wine  glass,  one  part  of  phosphorus  with  two 
of  the  salt ;  fill  it  nearly  with  water,  and  pour  in,  by  meant 
of  a  glass  tube,  reaching  to  the  bottom,  three  or  four  parts  of 
sulphuric  acid.    The  phosphorus  takes  fire,  and  bums  midly 

•  A  mixture  of  this  kind  is  the  basis  of  tbe  nifttcbes,  now  generall/  witd 
for  the  purpose  of  procuring  instantaneous  light.  The  bottle,  into  vkidi 
they  are  dipped,  contains  concentrated  sulphuric  acid,  which  is  praveaced 
from  escaping  bjr  a  quantity  of  fineljr  spun  glaa^  pr  |ba  fibraa  of  aniaatlNn- 
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under  the  water.  This  experiment  too  requires  caution,  lest  the 
inflamed  phosphorus  should  be  thrown  into  the  eyes.  (Davy.) 
Oil  may  also  be  thus  inflamed  on  the  surface  of  water,  the  ex- 
periment being  made  with  the  omission  of  the  phosphorus, 
and  the  substitution  of  a  little  olive  or  linseed  oil. 

5.  Chlorate  of  {K)tassa  may  be  substituted  for  nitre  in  the 
preparation  of  gunpowder,  but  the  mixture  of  the  ingredients 
requires  extreme  circumspection,  on  account  of  their  liability 
to  explode  by  trituration.  It  may  be  proper  also  to  state,  that 
this  salt  should  not  be  kept  mixed  with  sulphur  in  consider- 
able quantity,  such  mixtures^ having  been  known  to  detonate 
spontaneously. 

Per- chlorate  of  Potassa, 

This  salt  may  be  formed  by  mixing  one  part  of  powdered 
chlorate  of  potassa  with  three  of  sulphuric  acid,  and  exposing 
the  mixture  to  heat  till  it  turns  white,  when  we  obtain  a 
mixture  of  bi-sulphate  and  per-chlorate  of  potassa.  The  for- 
mer, being  much  more  soluble  than  the  latter  in  cold  water, 
their  separation  may  be  effected  by  solution  and  crystallization. 

Per-chlorate  of  potassa  does  not  change  vegetable  colours. 
It  requires  more  than  50  times  its  weight  of  water  at  60^  for 
solution ;  and  crystallizes  by  evaporation  in  lengthened  oc- 
tohedrons.  Distilled  at  280^  Fahr.  with  an  equal  weight 
of  sulphuric  acid,  it  yields  per-chloric  acid.  When  heated 
per  se  to  412%  oxygen  is  evolved  and  chloride  of  potassium 
remains.  It  is  constituted  of  1  atom  of  per-chloric  acid  =  86, 
4*  1  atom  of  potassa  =  45,  and  its  representative  number  is 
therefore  ISl. 

lodate  and  Hydriodate  of  Potassa. 

Both  these  salts  are  formed  by  agitating  iodine  with  a  solu- 
tion of  potassa;  water  is  decomposed,  and  gives  origin  to  a 
Tery  soluble  hydriodate  and  a  difficultly  soluble  iodate.  The 
latter  may  be  purified  by  being  washed  first  with  a  little  water, 
and  afterwards  with  alcohol  sp.  gr.  .820,  which  removes  the 
hydriodate.  The  iodate  remains  in  small  white  and  granular 
crystals. 

When  prcgected  on  red-hot  coals,  iodate  of  potassa  bums 
like  saltpetre;  100  parts  heated  in  m  refort  give  28.59  oxygen 
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gas,  and  77.41  iodide  of  potassium.  It  requires  for  soiodon 
18^  parts  of  water  at  60^  Fahr.  It  is  constituted  of  ^.246 
potassa  and  77.754  iodic  acid. 

Hydriodate  of  Potassa  is  deliquescent,  and  consequently 
very  soluble.  It  is  constituted  of  100  hydriodic  acid  +  37^26 
potassa.  By  crystallization,  or  simple  desiccation,  it  is  changed 
into  iodide  of  potassium,  whicli  is  easily  fused  and  volatiliad 
without  change  at  a  red  heat. 

NUrate  of  Potassa. 

A  direct  synthetic  proof  of  the  composition  of  this  sik 
may  be  obtained  by  saturating  nitric  acid  with  potaisa,  either 
pure  or  in  a  carbonated  state.  The  solution,  on  evaporation, 
yields  crystals  of  nitrate  of  potassa,  or  nitre. 

l^or  tlie  purposes  of  experiment,  however,  the  nitrate  of 
potassa,  which  may  be  purchased  in  the  shops  under  the 
name  of  nitre  or  saltpetre,  and  which  is  an  abundant  product 
of  nature,  may  be  employed  on  account  of  its  greater  chetp- 
ness.  The  nitre,  which  is  met  with  as  an  article  of  comm^c^ 
is  brought  to  this  country,  chiefly  from  the  East  Indies.  When 
it  arrives  it  is  a  very  impure  salt,  containing,  besides  other 
substances,  a  considerable  proportion  of  muriate  of  soda.  In 
this  state  it  is  called  rough  nitre.  For  the  purposes  of  che- 
mistry, it  requires  to  be  purified  by  solution  in  water  and 
re-crystallization ;  and  it  then  obtains  the  name  of  refined 
nitre,  or  refined  saltpetre. 

This  salt  has  the  following  properties: 

{a)  It  crystallizes  in  prismatic  octahedrons,  generally  coo- 
stituting  six-sided  prisms,  terminated  by  two-sided  summits. 

The  composition  of  nitrate  of  potassa  has  been  differently 
stated : 

Ada.         Bue. 

100  parts,  according  to  Kirwan,  contain  45.9S  • .  54.08 

Ilichter 46.7     . .  S3  J 


—  Berard    51.36  ..  48.64 

—  Wollaston  ....  53.83  . .  46^7 

"^  vj I e ..........  or^.       • .  vT* 

—  Thomson    ....  54^4  •  •  45.66 


Taking  the  reault,  adopted  by  Dr.  WoUaslon  in  ftmv 
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iu  Dumber  on  the  scale  of  equivalenUj  we  shall  find  rea* 
ton  to  believe  that  it  is  constituted  of  1  atom  of  nitric  acid 
s  54pf  +  1  atom  of  potassa  =  48 ;  and  its  equivalent  there** 
fore  is  102.  But  as  the  atom  of  acid  contains  5  atoms  of 
oxygen  and  1  of  nitrogen,  and  the  atom  of  potassa  1  of 
oxygen  and  1  of  potassium,  we  find  in  all  six  atoms  of  oxy* 
gen,  weighihg  48,  in  each  atom  of  nitrate  of  potassa. 

{b)  For  solution,  it  requires  seven  times  its  weight  of  water 
at  60°  of  Fahrenheit;  and  boiling  water  takes  up  its  own 
weight.  This  is  the  degree  of  solubility  assigned  by  Berg«r 
man;  but  La  Grange  asserts,  that,  at  the  ordinary  tempera* 
tare,  nitrate  of  potassa  requires  only  three  or  four  times  its 
weight  of  water  for  solution ;  and  half  its  weight  of  boiling^ 
Witer.*  With  the  addition  of  common  salt  it  becomes  con* 
siderably  more  soluble. 

(c)  By  the  application  of  a  moderate  heat  it  fuses,  and 
being  cast  in  moulds,  forms  what  is  called  Sal  Prunellew 
After  fusion,  Sir  H.  Davy  found  that  it  still  yielded  water^ 
when  distilled  with  boracic  acid,  though  Bei'zelius  asserts 
that  nitre  contains  essentially  no  water. 

(d)  If  a  red-heat  be  applied,  nitrate  of  potassa  is  decom« 
posed  in  consequence  of  the  destruction  of  its  acid.  By  dis* 
tilling  it  in  an  earthen  retort,  or  in  a  gun-barrel,  oxygen  gas 
uy  be  obtained  in  great  abundance,  one  pound  of  nitre 
jUding  about  12,000  cubic  inches,  of  sufficient  purity  for 
oommon  experiments,  but  not  for  purposes  of  accuracy. 

(e)  Nitrate  of  potassa,  that  has  been  made  red-hot,  seems 
to  oootsin  an  acid  less  highly  oxygenated  than  the  nitric 
vidf  and  having  a  weaker  affinity  for  alkalis.  For  if  acetic 
Hid  be  poured  on  nitre  that  has  been  thus  treated^  the  nitrons 
icid  it  expelled  in  red  fumes,  whereas  common  nitre  is  not  at 
til  afeded  by  acetic  acid. 

(/)  Nitrate  of  potassa  is  rapidly  decomposed  by  charcoal 
io  a  higb  temperature.  This  may  be  shown,  by  mixing  two* 
parts  of  powdered  nitre  with  one  of  powdered  charcoal,  and 
iMtii^  fire  to  the  mixture  in  an  iron  vessel  under  a  chimney.^* 
tht  products  of  this  combustion,  which  may  be  collecied  by 

**^»MI^^»i*^<M»i«^— ^^1  Mill         I    »^— — ^^.i—^— — A— — — — 1^— i^ 

•HUoael,  1st  e«tioii,  i.  94S. 
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a  proper  apparatus,  are  carbonic  acid  and  nitrogen  gaset. 
Part  of  the  carbonic  acid  also  remains  attached  to  the  resi- 
duary alkali,  and  may  be  obtained  from  it  on  adding  » 
stronger  acid.  This  residue  was  termed,  by  the  old  chemistsy 
cb/ssH'i  of  nitre. 

(g)  Nitrate  of  potassa  is  also  decomposed  by  sulphur,  and 
with  different  results,  according  to  the  temperature  and  pro- 
portions employed. 

1.  Mix  powdered  nitre  and  sulphur,  and  throw  the  mix- 
lure,  by  a  little  at  a  time,  into  a  red-hot  crucible.  Tlic  sul- 
phur will  unite  with  the  oxygen  of  the  nitric  acid,  and  hm 
sulphuric  acid ;  which,  combining  with  the  potassa,  will  oiTord 
soilphatc  of  potassa.  The  production  of  the  latter  salt  will  be* 
proved  by  dissolving  the  mass  remaining  in  the  crucible,  flnd 
crystallizing  it,  when  a  salt  will  be  obtained  exhibiting  the 
characters  of  the  sulphate. 

2.  Mix  a  portion  of  sulphur  with  one  sixth  or  one  eigbtk 
Us  weight  of  nitrate  of  potassa;  put  the  mixture  into  a  tin 
cup,  and  raise  it,  by  a  proper  stand  (fig.  25),  a  few  incbe^ 
above  the  surface  of  water,  contained  in  a  flat  shallow  disbr 
JSet  fire  to  the  mixture,  and  cover  it  with  a  bell-shaped  r^ 
ceiver.  In  this  case,  also,  sulphuric  acid  will  be  formed;  bot 
it  will  not  combine,  as  before,  with  the  alkali  of  the  nitre, 
which  alkali  is  present  in  suflficient  quantity  to  absorb  only  t 
part  of  the  acid  produced.  The  greater  part  of  the  acid  will 
be  condensed  on  the  inner  surface  of  the  glass  bell,  and  hy 
the  water,  which  will  thus  become  intensely  acid.  The  ope* 
ration  may  be  repeated  three  or  four  times,  'using  the  same 
portion  of  water.  When  the  water  is  partly  expelled,  by  ev«- 
poration  in  a  glass  dish,  concentrated  sulphuric  acid  reroflinc* 

<A)  A  mixture  of  three  parts  of  |M)wdered  nitre^  two  of 
carbonate  of  |)otassa,  or  common  salt  of  tartar,  and  oncpt^t 
oT  sulphur,  all  accurately  mixed  together,  forms  the  fulfil 
voting  powder^  which  explodes  with  a  loud  noise,  when  1^ 
CO  ail  iron  heated  below  redness. 

\i)  A  mixture  of  five  parts  of  powdered  nitre^  one  part  ^ 

sulphur,  and  one  of  powdered  charcool,  composes  gifiiJMNiNl^' 

43e!>e  QuUeriaLi  are  first  very  finely  powdered  aeponUely,  tb^ 

mixed  up  together,  aud  beaten  with  a  wooden  pestle^  a  suS^ 
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cieot  quantity  of  water  being  added  to  prevent  an  explosion. 
The  mixture  is  afterwards  granulated,  by  passing  through 
aeves,  and  dried  very  cautiously.* 

Car  bona  ie  <jf  Polassa. 

Carbonate  or  Sub- carbonate, — The  simplest  mode  of  show- 
ing tlie  absorption  of  carbonic  acid  by  potassa,  is  the  fol- 
lowing: Fill  a  common  phiid  with  carbonic  acid  gas  over 
water;  and  when  full,  stop  it  by  applying  the  thumb.  Then 
invert  the  bottle  in  a  solution  of  pure  potassa  contained  in  a 
cup,  and  rather  exceeding  in  quantity  what  is  sufficient  to  fill 
flie  bottle.  The  solution  will  rise  into  the  bottle,  and  if  the 
gas  be  pure,  will  fill  it  entirely.  Pour  out  the  alkaline  liquor, 
fill  the  bottle  with  water,  and  again  •  displace  it  by  the  gas. 
Proceed  as  before,  and  repeat  the  process  several  times.  Jt  will 
he  found,  that  the  solution  will  condense  many  times^its  bulk  of 
the  gas;  whereas  water  combines  only  with  its  own  volume. 

This  experiment  may  be  made,  in  a  much  more  striking 
manner,  over  mercury,  by  passing  into  a  jar,  about  thi*ee 
S>urths  filled  with  this  gas,  a  comparatively  small  bulk  of  a 
solution  of  pure  potassa,  which  will  condense  the  whole  of  a 
large  quantity  of  the  gas.  If  dry  hydrate  of  potassa  be  sub- 
stituted in  this  experiment,  no  change  will  ensue;  which  proves 
that  solution  is  essential  to  action  of  alkalis  on  this  gas.  A 
solution  of  potassa,  which  has  condensed  all  the  carbonic  acid 
it  is  capable  of  absorbing,  when  evaporated  to  dryness,  affi^rds 
sulhcarbonate^  or,  more  properly,  carbonate  of  potassq. 

The  composition  of  this  salt  is  differently  stated  by  chemi- 
cal writers,  viz. 

Acid.     Bas«. 

According  to  Dalton  100  grains  consist  of  Sl.lO .  .68.9 

I         Dulong S0.70  .  .69.30 

Dr.  Wollaston 31,71 .  .68.29 

Vaaquelin S3.      .  .67.t 

Berard 29.79 .  .70.21 

The  proportions  of  31.71  to  68.29  agree  very  nearly  with 
llie  notion,  that  the  carbonate  of  potassa  is  constituted  of  an 
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5t2  09  METALS.  CHAP.  IX. 

atom  of  carbonic  acid,  weighing  22,  and  an  atom  of  potassa* 
weighing  48 ;  and  that  the  weight  of  its  atom  is  70.  The 
affinity  of  carbonic  acid  for  potassa,  though  apparently  feeble^ 
is  in  reality  very  strong;  since  it  has  the  power  of  expelling 
from  potassa  the  whole  of  the  water,  which  that  alkali  con- 
tains in  the  state  of  a  hydrate;  for  dry  carbonate  of  potassa 
contains  no  water. 

The  solution  of  carbonate  of  potassa  will  be  found  to  have 
a  much  milder  taste  than  the  pure  alkali,  and  no  longer  to 
destroy  the  texture  of  woollen  cloth ;  but  it  still  turns  to  green 
the  blue  infusion  of  vegetables.  In  the  pure  alkaline  solution^ 
no  remarkable  change  ensued  on  mixing  it  with  diluted  sul- 
phuric acid ;  but  if  that,  or  almost  any  other  acid,  be  now  added, 
a  violent  effervescence  will  ensue,  arising  from  the  escape  of  the 
||;as  that  had  been  previously  absorbed.  If  the  mixture  be  made 
in  a  gas  bottle,  the  gas,  that  is  evolved,  may  be  collected,  and 
will  be  found  to  exhibit  every  character  of  carbonic  acid. 

For  experimental  purposes,  carbonate  of  potassa  may  be  ob- 
tained from  crystals  of  tartar  (bi-tartrate  of  potassa)  calcined 
in  a  crucible;  then  lixiviated  with  water;  and  evaporated 
to  dryness.  By  this  treatment,  the  salt  yields  about  one 
third  its  weight  of  dry  carbonate.  Or  the  tartar  may  be 
mixed  with  about  an  eighth  of  purified  nitrate  of  potassa^ 
and  wrapped  up  in  paper  in  the  form  of  cones,  which  may  be 
placed  on  an  iron  dish,  and  set  on  fire.  The  residuary  mass 
is  to  be  lixiviated,  and  evaporated  as  before  directed.  Or 
purified  nitrate  of  potassa  may  be  mixed  with  a  fourth  of  its 
weight  of  powdered  charcoal,  and  projected  into  a  red-hot 
crucible^  the  contents  of  which  are  to  be  poured^  when  in 
fusion,  into  an  iron  dish.  The  carbonate,  thus  obtained, 
amounts  to  rather  less  than  one  half  the  nitre  which  has  been 
employed.  Even  when  thus  prepared,  it  is  apt  to  contain 
some  impurities,  consisting  chiefly  of  a  minute  proportion  of 
sulphate  and  muriate  of  potassa,  with  a  little  silica,  from  which 
it  is  extremely  difficult  entirely  to  free  it.  That  which  is  pro- 
cured from  burnt  tartar  may  be  made  to  crystallize,  in  which 
state  it  contains  20.60  per  cent,  of  water. 

la  this  state  of  union  with  carbonic  acid,  potassa  ^nerally 
occurs  in  the  arts.  The  potash  and  pearlash  of  eommeroe^ 
are  in    fact  carbonates  of  poUssa,  of  tliflferent  degne^  df  pu- 


aCT.  I.  FOTASSlUSf.  523 

rity.  The  quantity  of  carbonic  acid,  contained  in  these  al- 
kalis, may  be  learned  by  a  very  simple  experiment.  Put  one 
or  two  hundred  grains  of  the  alkali  into  a  Florence  flask,  and 
add  a  few  ounce-measures  of  water.  Take  also  a  phial  filled 
with  dilute  sulphuric  acid,  and  place  this,  ns  well  as  the  flask^ 
in  one  scale.  Balance  the  two,  by  putting  weights  into  the 
opposite  scaler  and,  when  the  equilibrium  is  attained,  pour 
gradually  the  acid  into  the  flask  of  alkali,  till  an  effervescence 
no  longer  ensues.  When  this  has  ceased,  the  scale  containing 
the  weights  will  be  found  to  preponderate.  This  shows  that 
the  alkali,  by  combination  with  an  acid,  loses  considerably  of 
its  weight;  and  the  exact  amount  of  the  loss  may  be  ascer- 
tained, by  adding  weights  to  the  scale  containing  the  flask 
and  phial,  till  the  balance  is  restored. 

Carbonate  of  potassa  dissolves  very  readily  in  water,  which, 
at  the  ordinary  temperature,  takes  up  more  than  its  own 
weight. — Hence^  when  an  alkali,  which  should  consist  almost 
entirely  of  carbonate  of  potassa,  is  adulterated,  as  very  often 
happens,  with  substances  of  little  solubility,  the  fraud  may  be 
detected  by  trying  how  much  of  one  ounce  will  dissolve  in 
two  or  three  ounce-measures  of  water.     In  this  way  I  have 
detected  an  adulteration  of  one  third  its  weight  of  sulphate 
of  potassa.     There  are  certain  substances  of  ready  solubility^ 
however,  which  may  be  used  in  adulterating  pearl-ashes,  as 
common  salt  for  example;  and,  when  this  is  done,  we  must 
bave  recourse  to  an  acid  test  for  the  means  of  discovery.  The 
best,  that  can  be  employed  for  this  purpose,  is  sulphuric  acid 
ofsp.  gr.  1.141.     Of  this,  355  grains  are  equivalent  to  the 
saturation  of  100  grains  of  carbonate  of  potassa.     Dissolving, 
therefore,  that  quantity  of  the  carbonate  in  water,  and  gra- 
dually adding  the  test,  so  as  to  produce  neutralization,  we 
learn,  by  the  quantity  of  acid  expended,  the  quantity  of  real 
carbonate  which  has  been  acted  upon;  for  as  355  to  100,  so 
is  the  weight  of  the  test  which  has  been  used  to  the  number 

required. 

The  strongest  solution  of  this  salt  that  can  be  obtained  has 
the  specific  gravity  1.54,  and  contains  48.8  per  cent,  by  weight 
of  carbonate,  or  eight  atoms  of  water  to  one  of  salt. 

Carbonate  of  potassa,  when  exposed  to  the  atmosphere^ 
attracts  so  much  moisture,  as  to  pass  rapidly  .to  a  liquid  state. 
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This  change  is  termed  deliquescence*    All  the  water  thus  ab- 
sorbed is  expelled  again  by  a  heat  of  28(r. 

When  submitted,  in  a  crucible,  to  a  high  temperature,  it 
fuses ;  but  none  of  its  carbonic  acid  is  expelled. 

Bi  carbonate  of  Polassa. 

Carbonate  of  potassa,  in  the  state  which  has  been  already 
described,  is  far  from  being  completely  saturated  with  acid. 
This  sufficiently  appears  from  its  strongly  alkaline  taste.  It 
may  be  much  more  highly  charged  with  carbonic  acid,  by  ex- 
posing a  solution  of  one  part  of  the  carbonate  in  three  of 
water  to  streams  of  carbonic  acid  gas,  in  a  Nooth's  machine,  or 
other  apparatus ;  or  by  the  process  to  be  hereafter  described. 
When  a  solution  of  alkali,  after  this  treatment,  is  very 
slowly  evaporated,  it  forms  regular  crystals.  According  to  Dr. 
Wollaston,*  the  quantity  of  acid  in  the  bi-carbonate  is  exactly 
double  that  in  the  carbonate.  This  he  proves  by  disen- 
gaging the  carbonic  acid  from  each,  by  a  stronger  acid,  such 
as  the  sulphuric,  when  one  part  of  the  bi-carbonate,  considered 
apart  from  its  water  of  crystallization,  is  found  to  give  twice 
as  much  carbonic  acid  as  the  sub-salt.  Bertholletf  obtained 
189  grains  of  carbonic  acid  from  500  of  this  salt;  and,  as 
nearly  as  possible,  the  same  quantity  from  1000  grains  of  the 
salt,  reduced  by  calcination  to  the  state  of  carbonate.  Berard 
found,  that  100  parts  of  potassa  are  fully  saturated  by  8S.86 
carbonic  acid.^  The  following  Table  exhibits  the  composition 
of  the  bi-carbonate,  as  stated  by  him,  by  Vauquelin,  and  by 
Dr.  Wollaston.    One  hundred  grains  contain. 


Acid. 

Base. 

Water. 

According  to  Berard 

42.01 

48.92 

9.07 

Dr.  Wollaston  •  • 

43.9 

47.1 

9.0 

Vauquelin 

47. 

46. 

■ 

7. 

The  atomic  constitution,  deducible  from  these  proportions, 
is  one  atom  of  potassa,  =  48,  two  atoms  of  carbonic  acid, 
S5  44,  and  one  atom  of  water,  =  9,  in  all  101,  which  last  is  its 
representative  number. 


•  Pbik>M>phiaiI  Transactions,  1808.  f  Mem.  d' Arcoeil,  ii.  470. 

1 71  Aon.  de  Cfrim.  4t. 
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The  Bi-cARBONATE  OF  POTASS  A  diflTers  from  the  carbonate 
in  the  following  particulars  :«- 

1.  In  the  greater  mildness  of  its  taste.  Though  still  alka- 
line, yet  it  may  be  applied  to  the  tongue,  or  taken  into  the 
stomach,  without  exciting  any  of  that  burning  sensation, 
ivhich  is  occasioned  by  the  carbonate. 

2.  It  is  unchanged  by  exposure  to  the  atmosphere. 

S.  It  assumes  the  shape  of  regular  crystals.  1'he  form  of 
these  crystals  is  a  four-sided  prism,  with  dihedral  triangular 
summits,  the  facets  of  which  correspond  with  the  solid  angles 
of  the  prism. 

4.  It  requires,  for  solution,  four  times  its  weight  of  water  at 
€0P;  and,  while  dissolving,  absorbs  caloric.  Boiling  water 
dissolves  five- sixths  of  its  weight;  but,  during  this  solution, 
the  salt  is  partly  decomposed,  as  is  manifested  by  the  escape 
of  carbonic  acid  gas.  The  quantity  thus  separated  amounts, 
according  to  Berthollet,  to  about  -j^th  the  weight  of  the  salt. 

5.  By  calcination  in  a  low  red  heat,  the  portion  of  carbonic 
add,  which  imparts  to  this  salt  its  characteristic  properties, 
and  all  the  water,  are  expelled,  and  the  salt  returns  to  the 
state  of  carbonate. 

{k)  Bi-carbonate  of  potassa,  in  all  its  forms,  is  decomposed 
by  the  stronger  acids;  as  the  sulphuric,  nitric,  and  muriatic, 
which  unite  with  the  alkali,  and  set  the  gas  at  liberty.  This 
may  be  shown  by  pouring,  on  the  carbonate  contained  in  a 
gas  bottle,  any  of  the  acids,  and  collecting  the  gas  by  a  proper 
apparatus. 

The  sub^lforaie  of  Potassa  is  a  salt  which  is  little  known.  It 
may  be  formed  by  the  direct  combination  of  liquid  hydrate 
of  potassa  with  boracic  acid. 

Phospliite,  Pliosphalej  ^c.  of  Potassa. 

Hypo^phosphite  of  Potassa  may  be  formed  by  the  direct 
eombinaticm  of  iu  ingredients.  It  is  a  deliquescent  salt,  rea- 
lly soluble  in  water,  and  in  alcohol.  When  heated  in  a 
^1m8  tube,  bi-phospbureted  hydrogen  is  disengaged;  phoa- 
}>borus  b  deposited  on  the  inside  of  the  tube ;  and  a  yellowish 
^residue  is  left  of  phosphate  of  potassa. 

Phosphite  of  Potassa  is  a  neutral  salt,  not  crysUlliaable^ 
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ddiqaescent,  and  very  soluble  in  water,  bat  not  in  alcohol. 
When  heated,  a  yellow  residue  is  left,  which,  with  acids,  gives 
a  litdephosphureted  hydrogen. 

Phosphate  of  Poiassa  is  a  salt  which  is  neutral  only  when  in 
solution,  for,  on  attempting  to  crystallize  it,  an  acid  salt  sepa- 
rates, and  there  remains  an  uncrystallizable  magma^  with  an 
excess  of  alkali. 

This  phosphate  has  little  taste.  By  the  action  of  heat  it  nn- 
dei^oes  the  igneous  fusion.  It  is  not  decomposed  by  liroe^ 
unless  when  the  lime  is  added  in  considerable  excess,  and  then  a 
compound  is  formed  of  phosphoric  acid  with  potassa  and  lime. 
Tlie  vegetable  grains  belonging  to  the  cerealia  contain  a  small 
quantity  of  this  salt.  It  is  believed  to  be  a  compound  of  1 
atom  of  phosphoric  acid  +  1  atom  of  potassa. 

Sub-phosphate  of  Poiassa  may  be  obtained  by  evaporating 
the  uncrystallizable  portion  of  the  foregoing  solution,  or  by 
fusing  phosphate  and  hydrate  of  potassa  together  in  a  platinum 
crucible.  It  is  insoluble  in  cold,  and  very  sparingly  soluble 
in  hot  water.  It  is  probably  constituted  of  2  atoms  of  po- 
tassa, and  1  atom  of  acid. 

BUphosphate  of  Potassa  has  been  very  little  examined.  All 
that  is  known  is,  that  of  the  compounds  of  potassa  with 
phosphoric  acid,  this  is  the  only  one  which  is  susceptible  of 
crystallization. 

Sulphur et^  Hydro- Sulphuretj  Hydrogureted  Sulphuret,  Hypo* 

sulphile^  and  Sulphite  of  Potassa* 

Sulphnret  of  Poiassa  (or  the  compound  hitherto  so  called) 
may  be  formed  by  fusing  together  in  a  covered  crucible,  at  a 
heat  below  redness,  six  parts  of  sulphur  with  eight  of  dry 
carbonate  of  potassa.  The  fused  mass  is  to  be  poured  upon  a 
smooth  stone;  and,  when  cold,  preserved  in  a  well-closed 
vlttl.  It  has  a  reddish  brown  or  liver  colour,  from  whence  it 
has  been  called  hepar,  or  live?-  of  sulphur.  In  the  humid  way, 
a  pure  sulphuret  cannot  be  produced,  for  other  products  are 
also  generated,  which  remain  in  the  solution. 

It  had  been  doubted,  whether  in  the  fiision  of  dry  potassa 
with  sulphur,  a  mere  combination  of  those  two  bodies  takes 
place ;  or  whether  the  alkali  is  not  rather  deoxidized,   and 
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salphuret  of  potassium  a  part,  at  least,  of  the  product  The 
ktter  has  been  lately  shown  by  Berzelius  to  be  the  true  ra* 
iMMiale  of  the  process ;  and  he  has  proved  that  potassium  is  ca* 
pable  of  uniting  with  sulphur  in  several  different  proportions.* 
Vauquelin,  also,  bad  long  ago  observed  that  during  the  fusion 
of  potassa  with  sulphur^  a  considerable  quantity  of  sulphureted 
hydrogen  gas  is  evolved,  and  that  sulphuric  acid  is  formed, 
which,  uniting  with  the  base,  composes  sulphate  of  potassa. 
But  the  production  of  sulphuric  acid.  Gay  Lussac  ascertained, 
takes  place  only  at  high  temperatures ;  for  when  that  degree 
of  heat  was  used,  which  was  barely  sufficient  for  the  purpose, 
the  sulphuret,  dissolved  in  water,  gave  no  trace  of  sulphuric 
acid,  but  abounded  with  hypo-sulphurous  acid.  The  latter 
acid  must,  however,  have  been  generated  by  the  decomposi- 
tion of  tiie  water  employed  for  the  solution  of  the  fused  mass ; 
for  it  is  incapable  of  being  formed,  or  even  of  existing,  at  high 
temperatures.  It  should  appear,  therefore,  that  sulphuret  of 
potassium  can  only  exist,  strictly  speaking,  in  a  solid  form, 
for  the  act  of  solution  causes  the  immediate  formation  of  new 
products. 

Sulphuret  of  potassa  has,  when  moistened,  a  disagreeable 
smell,  and  an  offensive  taste.  It  is  very  soluble  in  water,  and 
the  solution  blackens  the  skin,  and  turns  syrup  of  violets 
green,  like  an  alkali.  All  acids,  even  the  weakest,  precipitate 
sulphur  from  it,  and  the  stronger  acids,  when  previously  di- 
luted, occasion  a  disengagement  of  sulphureted  hydrogen  gas. 
The  solution  absorbs  oxygen  gas,  and  has  been  employed  in 
eudiometry.  According  to  Vauquelin  100  of  potassa  unite 
with  111.5  of  sulphur.  Berzelius  finds  that  100  parts  of  the 
carbonate  absorb  98.9  parts  of  sulphur. 

liydro^ulphuret  of  poiassa  may  be  formed  by  transmitting 
a  current  of  sulphureted  hydrogen  gas  through  liquid  hydrate 
of  poiassa,  which  acquires  a  yellow  colour,  and  an  offensive 
smdi.  It  forms  large  transparent  crystals,  not  unlike  those 
of  sulphate  of  soda,  but  having  the  siiape  of  four^ickrf 
prisms  acuminated  with  four  planes,  or  of  six-sided  prisms 
acuminated  with  six  planes.  It  is  deliquescent,  and  runs  kilo 
a  thick  syrupy  liquor,  which  gives  a  green  colour  to  the  skin^ 
'^  "'     •  Annah  of  Phil,  if .  264!  "^" 
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It  dissolves  readily  in  water  and  alcohol,  with  a  produclioDoT 
cold.  On  adding  any  diluted  acid,  abundance  of  sulpbureted 
hydrogen  is  disengaged,  but  no  sulphur  is  deposited.  Vaa- 
quelin  found  that  it^  solution  in  water  might  be  evaporated  to 
dryness  without  decomposing  the  hydro-sulphurct ;  for  oo 
heating  the  residuum,  mixed  with  sulphur  in  a  retort,  sulphn- 
retcd  hydrogen  was  copiously  evolved. 

Hifdrogureted  sulphuret  qfpotassa  may  be  formed  by  boiiiag 
flowers  of  sulphur  in  liquid  hydrate  of  potassa,  or  by  digesting 
sulphur  with  the  liquid  hydro-sulphuret.  The  resulting  pro* 
duct  may  be  considered  ns  a  compound  of  bi-sulphureted  hj^ 
drogen  with  potassa,  in  proportions  not  yet  ascertained.  By 
mere  solution  in  water,  the  sulphuret  of  }K>ta8sa  is  partlj 
changed  into  this  substance.  According  to  Proust,  red  oxide 
of  mercury,  digested  with  hydrogureted  sulphurets,  removes 
the  sulphureted  hydrogen,  and  what  remains  is  a  pure  liquid 
sulphuret. 

Hypo-sulphite  of  Potassa, — This  salt  is  best  formed  by  ex- 
posing the  hydrogureted  sulphuret  to  the  atmosphere,  till  it 
has  lost  its  colour,  after  which,  on  evaporation,  it  crystallizesm 
the  form  of  fine  needles ;  or  by  decomposing  hydro-sulpbureC, 
or  hydrogureted  sulphuret  of  potassa  by  sulphurous  acid.  Tbe 
salt  has  a  taste,  at  first  not  unlike  that  of  nitre,  aucceeded  by 
bitterness,  and  it  is  deliquescent.  When  carefully  dried»  it 
takes  fire  on  raising  the  heat,  and  burns  somewhat  like  tinder^ 
but  with  a  feeble  blue  flame.  It  dissolves  chloride  ofsilver^ 
even  when  very  dilute,  with  great  readiness. 

Sulphite  of  Potassa  may  be  formed  by  passing  sulphurous 
acid  into  a  saturated  solution  of  carbonate  of  potassa,  till  all 
effervescence  ceases.  The  solution  becomes  warm,  and  crys- 
tallizes on  cooling  in  rhomboidal  plates,  or  in  small  needles 
diverging  from  a  common  centre,  which  have  sometimes  a  yel- 
lowish tinge.  It  has  a  pungent  and  sulphurous  taste,  and  » 
soluble  in  an  equal  weight  of  cold,  or  in  a  less  proportion  of 
boiling  water.  At  the  temperature  of  800°  Fahr.  it  loses  only 
about  2  per  cent. ;  but  when  more  strongly  heated,  the  salt  is 
decomposed,  and  sufiers  a  loss  of  about  22  per  cent,  of  whidk 
1 5  are  sulphurous  acid,  5  sulphur,  and  2  water.  When  throm 
into  a  red  hot  crucible^  a  blue  flame  arises  firom  it.    Its  solii-- 
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tioDy  exposed  to  the  air,  slowly  attracts  oxygepi  and  is  con 
verted  into  sulphate  of  potassa.  From  Dr.  Thomson's  ana- 
lysis, tt  is  constituted  in  100  parts,  of  2  water  +  54.5  base  + 
43.5  acid ;  or  100  of  sulphurous  acid  unite  with  150  of  potash* 

Sulphate  and  Bi-sulphate  of  Potassa. 

Sulphate  of  Potassa. — This  salt  may  be  formed  by  saturating 
the  carbonate  of  potassa  with  sulphuric  acid,  and  crystallizing 
the  solution.  It  is  a  refuse  product,  also,  of  several  chemical 
operations.     Its  properties  are  the  following : 

(a)  It  crystallizes  in  small  six-sided  prisms,  terminated  bj 
siX'^ided  pyramids  with  triangular  faces.  Its  specific  gravity^ 
according  to  Hassenfratz,  is  2.0473. 

{b)  It  has  a  bitter  taste. 

(c)  It  decrepitates  when  thrown  on  a  red  hot  iron,  or  on 
red-hot  coals,  and  is  volatilized  by  a  strong  heat,  first  running: 
into  fusion.  By  a  low  red  heat  it  loses  very  little  of  its  weighty 
not  more  than  one  and  a  half  or  two  per  cent.  Indeed  it  does 
not  essentially  contain  any  water. 

{d)  Water,  at  60^  of  Fahrenheit,  takes  up  only  one  six- 
teenth of  its  weight;  but  boiling  water  dissolves  one  fifth,  or 
by  continuing  the  application  of  heat  even  one  fourth. 

(e)  The  composition  of  this  salt  is  determined  by  the  quan* 
tity  of  sulphate  of  barytes,  which  its  solution  affords  when  de- 
composed by  any  barytic  salt.  From  100  parts  of  the  ignited 
salt,  dissolved  in  water.  Dr.  Marcet  obtained  132  of  sulphate 
of  barytes,  Berzelius  134.68,  and  Mr.  R.  Phillips,  136.7* 
Hence  the  composition  of  the  salt  (reckoning  the  acid  in  sul- 
phate of  barytes  at  33.5  per  cent.)  is. 


Acid. 

Base. 

Dr.  Marcet    . . . . 

44.22 

55.78 

Mr.  Phillips  .... 

45.79 

54.21 

Bucholz 

46.21 

53.79 

Dalton    

44.70 

55.30 

Berar  J 

42.76 

57.24 

Berzelius    

45.0    

55.0 

Dr.  Ure........ 

45.5    

54.5 

Estimating  the  weight  of  the  atom  of  sulphuric  acid  at  40 
and^hat  of  potassa  at  48,  the  numbers  last  stated  (viz.  45.5 
VOL.  I.  2  m 
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acid,  and  5^.5  base  in  100  of  the  salt)  appear  to  be  nearest  tW^ 
truth.  There  can  be  no  doubt,  however,  that  tlie  salt  is  ca^^ 
stituted  of  1  atom  of  acid  +  1  atom  of  base,  without  any  itjk 
l^r  as  an  essential  ingredient. 

(f)  Sulphate  of  potassa  is  decomposed^  at  high  tempera- 
tures, by  charcoal.  Mix  any  quantity  of  the  salt  with  one 
fifth  of  its  weight  of  charcoal  finely  powdered,  and  expose  tbe 
mixture,  in  a  crucible,  to  a  strong  heat.  The  carbon  will 
unite  with  the  oxygen  of  the  sulphuric  acid,  and  will  escape  in 
the  state  of  a  gas.  What  remains  is  a  compound,  hereafter 
to  be  described,  of  sulphur  and  potassa,  or  more  probably  of 
sulphur  and  potassium."*^     No  change  is  effected  in  sulphate  of 

potassa  by  fusion  with  sulphur,  which  sublimes  unaltered.f        , 

i 
Bi-sidphate  of  Potassa. 

When  to  a  saturated  solution  of  sulphate  of  potassa  in  boU' 
ing  water,  we  add  an  excess  of  sulphuric  acid,  the  first  cxpr 
tals,  which  arc  formed,  contain  a  considerable  excess  offol* 
phuric  acid,  not  less  in  the  whole,  according  to  Berthollet4 
than  55.8  per  cent.  By  continuing  to  evaporate  the  solution, 
we  obtain  successive  quantities  of  crystals,  which  hold  less  and 
less  acid  in  combination.  Thus  the  second  set,  according  to 
the  same  chemist,  contain  only  49.5  per  cent,  of  acid ;  and  he 
was  therefore  of  opinion,  that  sulphuric  acid  and  potassa  are 
capable  of  uniting  in  all  proportions.  It  is  much  moreagree- 
able,  however,  to  analogy  to  believe,  that  in  this,  as  in  all 
other  energetic  combinations,  the  proportions  arc  limited. 
The  bi-sulphate,  or  super-sulphate,  has  been  shown  by  Dr. 
Wollaston  to  contain  just  twice  as  much  acid  as  the  sulphate. 
It  is  constituted,  therefore,  of  one  atom  of  base  with  two  atoo* 
of  acid,  or  of  48  base  -f  80  acid ;  and  its  composition  IM)' 
be  contrasted  with  that  of  the  sulphate  as  follows : 

Bi-9«lpbatc.  Sulphate. 

Potassa     37.5  . .  100    5i.5  . .  100 


Sulpliuric  acid  .  . .  62.5  . .  167    .... 

..   ^5.5..    8S.S 

100          267 

100         183.5 

*  Vaaquclin,  Ann.  deChiin.  et  Phys.  v.  31. 

t  Ibid.  p.  ta 

}  Mrmoires  d*Arcucil,  ii.  480. 
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The  bisulphate  has  an  intensely  sour  taste,  and  a  powerful 
•ctiou  on  blue  vegetable  colours.  One  part  is  soluble  in 
two  of  water  ftt  60%  and  in  less  than  an  equal  weight  at  212^. 
Jt  is  insoluble  in  alcohol. 

Hypo^sidphate  of  Poiassa  is  a  salt  of  which  little  is  known. 
It  crystallizes  in  cylindroidal  prisms,  terminated  by  a  plane 
perpendicular  to  their  axis.  (Ann.  of  Phil.  xiv.  355.) 

Selenidies  of  Poiassa, — Selenic  acid  is  capable  of  uniting 
irith  potassa  in  three  different  proportions,  and  of  composing 
dther  a  seleniate,  bi-seleniate,  or  quadri-seleniate;  but  as  these 
salts  are  not  of  much  importance,  I  refer  for  their  description 
to  Berzelius's  paper  in  the  9th  vol.  of  Ann.  de  Chim.  et 
Physique,  p.  257. 

Cyanide  of  Potassa. — Cyanogen  is  absorbed  by  liquid  hydrate 
oFpotassa,  and  a  solution  is  obtained,  which  has  scarcely  any 
colour  unless  the  cyanogen  is  in  excess,  when  it  becomes 
brown,  and  apparently  carbonaceous.  This  solution  affords 
Prussian  blue  when  added  to  an  acid  solution  of  iron,  carbonic 
acid  escaping,  and  a  smell  of  hydro-cyanic  acid  being  at  the 
same  time  perceptible.  The  volume  of  carbonic  acid  pro- 
duced, it  has  been  shown  by  Gay  Lussac,  is  precisely  equal  to 
that  of  the  cyanogen  absorbed,  and  he  lias  rendered  it  ex- 
tremely probable  that  hydro-cyanic  acid  and  ammonia  are  vX 
the  same  time  generated. 

Hydro'Cyanate  of  Poiassa  may  be  formed  by  the  mixture  of 
bydro-cyanic  acid,  and  liquid  hydrate  of  potassa.  It  is  very 
soluble,  is  alkaline  to  the  taste,  and  turns  syrup  of  violets 
green.  It  is  decomposed  by  the  weaker  acids,  even  by  the 
carbonic.  With  salts  having  protoxide  of  iron  for  a  base, 
it  gives  a  precipitate  which  is  at  first  orange-coloured,  and 
afterwards,  by  exposure  to  the  air,  changes  successively  to 
green  and  to  deep  blue.  From  solutions  containing  perox- 
ide of  iron,  it  causes  a  pale  blue  precipitate,  the  colour  of 
which  becomes  deeper  by  exposure  to  air.  When  calcined^ 
the  acid  ingredient  abandons  its  hydrogen,  and  the  salt  be- 
comes a  cyanide  of  poiassa. 

Ferro-cyanale  of  Potassa. — When  the  salt  just  described  is 
iigested  in  a  state  of  solution  with  protoxide  of  iron,  a  portion 
sf  the  oxide  is  dissolved,  the  solution  becomes  yellow,  and,  on 
idding  more  hydro-cyanic  acid,  is  rendei€d  neutraly  crystal* 
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izable,  and  capable  of  resisting  decomposition  by  weak  acids. 
But  the  same  compound  may  be  better  formed  by  digestiog; 
Prussian  blue  in  fine  powder  with  liquid  hydrate  of  potawu 
The  common  prussian  blue  of  commerce  should  first  be  heaUd 
with  an  equal  weight  of  sulphuric  acid,  which  has  been  di- 
luted with  five  or  six  parts  of  water,  and  then  be  washed 
with  a  large  quantity  of  distilled  water.  This  will  remofe 
the  alumine  which  it  always  contains.  After  being  thus  pa- 
rified,  it  may  be  added  to. the  hydrate  of  potassa,  as  longtf 
that  liquor  continues  alkaline.  The  filtered  liquor,  whci 
evaporated  and  cooled,  deposits  crystals,  which  are  qui- 
drangular  prisms.  These  may  be  purified  by  a  second  crys- 
tallization. 

The  ferro-cyanate  (formerly  called  triple  prussiate)  of  pot- 
assa  is  a  transparent  salt,  often  in  fine  large  crystals,  of  a  l^ 
mon  yellow  colour,  and  free  from  taste  and  smelL    Its  ipe 
cific  gravity  is  1.833.     Water  at  60^  Fahr.  dissolves  nearly 
one-third  of  its  weight,  and  boiling  water  nearly  an  eqoal 
weight     When  heated^  it  loses  13  per  cent,  and  becooMi 
white,  but  does  not  run  into  fusion,  or  undergo  decomposi- 
tion.    Submitted  to  a  still  higher  temperature  in  a  retort,  it 
is  decomposed,  and  yields  hydro-cyanic  acid  and  anuncmiii 
besides  carbonic  acid,  carbonic  oxide,  and  carbureted  hj- 
drogen ;    and  a    residue  is    left,  composed  of  charcoal,  m^ 
tallic  iron,  and  potassa,  which  last  is  still  united  with  more  or 
less  cyanogen.  (See  Robiquet,  Ann.  de  Ch.  et  Phys.  xvii.  905*) 
Diluted  acids  have  little  action  on  ferro-cyanate  of  potassSf 
except  with  the  aid  of  heat,  and  then  the  sulphuric,  niuriatiCf 
and  even  the  acetic  acid  disengage  a  certain  quantity  of  hydro- 
cyanic acid,  and  occasion  a  white  precipitate,  the  nature  of 
which  is  not  understood.     Red  oxide  of  mercury,  digested 
with  a  solution  of  the  salt,  decomposes  it,  and  gives  rise  to 
the  formation  of  cyanide  of  mercury,  and  to  the  disengagement 
of  free  alkali,  and  of  peroxide  of  iron  attached  to  a  little  acid* 
The  solution  of  ferro-cyanate  of  potassa  is  not  precipitated 
by  alkalis,  or  by  alkaline  salts,  but  is  decomposed  by  some  of 
the  earthy,  and  by  almost  all  the  metallic  salts.     The  folios^- 
ing  Table  by  M.  Thenard  shows  the  colours  of  the  precipi* 
tates,  thrown  down  from  various  solutions,  both  bv  the  ferro- 
cyanate,  and  hydroK^yanate  of  potassa. 
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Table  of  the  Colours  of  PrecipUaiesfrom  Metallic  Solutions. 

From  solutions  By  ferro-cyanate  By  hydro-cyanate 

of  salts  of  of  potassa.  of  potassa. 

Manganese White   .........  Yellow. 

iron  (protoxide)  %.. .  White   Orange. 

—  (deutoxide) ....  Pale  blue     Blueish  green. 

— -  (tritoxide)    ....  Deep  blue   Scarcely  any. 

Tin White  White. 

Zinc  Ditto   Ditto. 

Cadmium •'. . .  Ditto   Ditto. 

Antimony Ditto   Ditto. 

Uranium Blood  red    Yellowish  white. 

Cerium    White 

Cobalt Grass  green    ....  Cinnamon. 

Titanium   Reddish  brown  . . 

Bismuth White   White. 

Copper  (protoxide)      Ditto Ditto. 

(deutoxide)      Deep  brown    ....  Yellow. 

Nickel Apple  green    ....  Yellowish  white. 

Lead    White 

Mercury  (deutoxide)  Ditto Yellow. 

Silver White,     changing  White,  soluble  in  an 

to  blue.  excess  of  hydro- 

cyanate. 

Palladium    Olive   

Platinum   Yellow     

Gold White  White,     becoming 

yellow. 

The  ferro-cyanate  of  potassa  has  been  analyzed  with  great 
care  by  Berzelius.  He  decomposed  it  by  heating  it  with  per- 
oxide of  copper,  and  obtained  carbonic  acid  and  azotic  gases, 
in  the  proportions  in  which  they  are  evolved  by  the  decom- 
position of  cyanogen,  viz.  2  volumes  of  the  former  and  one  of 
the  latter.  Hence  he  considers  it  as  a  cyanide,  and  not  a 
prussiate,  and  deduces  its  composition  to  be  two  atoms  of  cy- 
anide of  potassium  +  1  atom  of  cyanide  of  iron.  This  cya- 
nide, in  common  with  all  those  in  which  the  metal  is  strongly 
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electro-positive,  as  those  of  sodium,  barium,  &c.  be  believes  to 
continue  sucb,  even  after  solution  in  water ;  while  tlie  cya- 
nides with  weaker  bases,  such  as  those  of  ammonia,  and  many 
of  the  metallic  oxides,  become,  on  tlie  contrary,  hydro-cva- 
nates. 

Mr.  Porrett,  on  the  other  hand,  states  the  composition  of 
ferro-cyanate  of  potassa  as  follows : 


Polassa  . .  40.S4.. 
Iron  ....  11 .76 . . 
Carbon  ..  20.17.. 
Azote  . . .  11.76  .• 
Hydrogen  .84 . . 
Water    ..   15.13.. 


. . 


1  atom 

J,  ditto! 

4  ditto  I  forming  one   atom  oi 

1  ditto  I       ferro-cyanic  acid. 

1  dittoj 

2  ditto. 


100.* 


SECTION  II. 

Sodium. 

Sodium  was  discovered  in  1808  by  Sir.  H.Davy.  Iti« 
procured  by  a  process  exactly  resembling  that  employee!  in 
preparing  potassium,  with  this  difference,  thnt  hydrate  of  soda 
must  be  substituted  for  that  of  potassa.  In  its  external  cha- 
racters and  chemical  properties  it  bears  a  near  resemblance  to 
potassium,  and  it  is  chiefly  by  examining  the  resuhs  of  its  ac- 
tion, that  wc  discover  its  diflerences  from  the  latter  metal. 

I.  Sodium,  at  common  temperatures,  exists  in  a  solid  form. 
It  is  white,  opaque,  and,  when  examined  under  a  thinfiiro 
of  naphtha,  has  the  lustre  and  general  appearance  of  silver. 
It  is  exceedingly  malleable,  and  much  softer  than  any  oftbe 
common  metallic  substances.  When  pressed  u|K>nbyapl«* 
tinum  blade  with  a  small  force,  it  s^preads  into  thin  leaves; 
and  a  globule  of -|J^th  or  y^.^th  of  an  inch  in  diameter  is  easilj 
spread  over  a  surface  of  a  quarter  of  an  inch.  This  property 
is  not  diminished,  by  cooling  it  to  32°  Fahrenheit.    Several 
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-globules,  also,  may,  by  strong  pressure,  be  forced  into  one ; 
so  that  the  property  oi  weldings  which  belongs  to  platinum  and 
iron  at  a  high  degree  of  heat  only,  is  possessed  by  this  sub- 
-slanGe  at  common  temperatures. 

II.  It  is  lighter  than  water.  As  near  as  can  be  determined, 
its  specific  gravity  is  as  0.97^  to  I. 

III.  It  is  much  less  fusible  than  the  base  of  potassa.  At 
120^  Fahrenheit,  it  begins  to  lose  its  cohesion,  and  it  is  a 
perfect  fluid  at  ISO®  or  190°.  Hence  it  readily  fuses  under 
heated  naphtha. 

IV.  Its  point  of  vaporization  has  not  been  ascertained ;  tiUt 
It  remains  fixed,  in  a  state  of  ignition,  at  the  point  of  fusion  of 
plate  glass. 

V.  When  sodium  is  exposed  to  the  atmosphere,  it  imme- 
diately tarnishes,  and  by  degrees  becomes  covered  with  a 
white  crust  of  soda,  which  deliquiates  more  slowly  than  that 
formed  on  )K>tassium.  It  is  not  changed,  however,  by  air  that 
lias  been  artificially  dried. 

VI.  It  combines  with  oxygen,  slowly  and  without  luminous 
appeanmce,  at  all  common  temperatures.  When  heated  to 
its  fusing  point,  the  combination  becomes  more  rapid ;  but  no 
{ight  is  emitted  till  it  becomes  nearly  red  hot  The  flame, 
which  it  then  produces,  is  white,  and  it  sends  forth  bright 
sparks,  exhibiting  a  very  beautiful  efiect.  In  common  air,  it 
bums  with  a  similar  colour  to  charcoal,  but  with  much  greater 
splendour. 

VII.  When  thrown  into  water,  it  produces  a  violent  effer- 
Tescence  and  a  loud  hissing  noise;  it  combines  with  the  oxy- 
gen of  the  water  to  form  soda;  and  hydrogen  gas  is  evolved, 
which  does  not,  however,  as  in  the  case  of  potassium,  hold 
any  of  the  alkaline  base  in  solution.  Neither  can  sodium  be 
made  to  dissolve  in  hydrogen  gas,  by  being  heated  in  contact 
with  it. 

When  thrown  into  hot  water,  the  decomposition  is  more 
irtolent,  and  in  this  case  a  few  scintillations  are  generally  ob- 
served at  the  surface  of  the  fluid ;  but  this  is  owing  to  smalt 
particles  of  the  base,  which  arc  ejected  from  the  water,  suffi- 
ciently heated  to  burn  in  passing  through  the  atmosphere. 

VIII.  Its  action  on  alcohol,  ether,  volatile  oils,  and  acids. 
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is  timilar  to  that  of  potaMium ;  but  with  nitric  acid  a  vivid  in- 
Saounation  is  produced. 

IX.  Sodium  appears  to  be  susceptible  of  diflfeient  degrees 
of  oxidation.  1st.  When  it  is  fiised  with  dry  soda,  apartir 
tion  of  oxygen  takes  pUce  between  the  alkali  and  the  metal 
A  deep  brown  fluid  is  produced,  which  becomes  a  dark  grej 
solid  on  cooling.  This  substance  is  capable  of  attrsctii^ 
oxygen  from  the  atmosphere,  and  of  decomposing  water,  bf 
which  it  is  again  converted  into  soda.  The  same  oxidi  of 
sodium  is  formed,  by  fusing  this  metal  in  tubes  of  plate  gls»i 
It  is  of  a  greyish  colour,  destitute  of  lustre^  brittle,  tod 
gives  hydrogen  when  acted  on  by  water,  but  less  than  an  cqoil 
weight  of  sodium.  It  may,  however,  be  doubted,  whether  this 
is  a  compound  of  sodium  and  oxygen,  or  merely  a  mixtore  of 
the  metal  with  soda. 

2d*  The  next  oxide  of  sodium  is  soda.  It  may  be  fonned 
by  burning  sodium  in  a  quantity  of  air,  containing  just  ozjgen 
enough  to  convert  the  metal  into  alkali.  It  b  of  agreje(h 
lour;  of  a  vitreous  firacture;  and  requires  a  strong  red  best 
fer  its  fusion.  This,  indeed,  may  be  considered  as  the  true 
protoxide  of  sodium,  constituted,  according  to  Gay  Lusitctod 
S'henard,  of  100  metal  +  33.995  oxygen ;  or,  according  to 
Berzelius,  of  100  of  tlic  former  +  34.372  of  the  latter.  Tsku^ 
the  oxygen  at  S^,  the  number  representing  sodium  will  be 
12S.5f  for  34 :  100 ::  8 :  23.5 ;  or,  in  round  numbers,  it  may  be 
"taken  at  24. 

When  the  protoxide  is  brought  into  contact  with  water, 
it  absorbs  it  witli  great  heat,  and  cannot  be  again  separated 
from  it,  except  by  some  substance  which  it  attracts  still  moie 
powerfully.  Even  after  fusion,  the  soda  is  still  a  hydnte^ 
containing  1  atom  of  protoxide  =32+1  atom  of  water  s  Ih 
together  41.  Hydrate  of  soda  contains,  therefore,  21}  p^ 
cent,  of  water,  which  considerably  exceeds  the  proportion  i» 
the  similar  compound  of  potussa. 

The  following  table  by  Mr.  Dalton  shows  the  proportioo 
of  real  soda,  free  from  water,  in  solutions  of  different  specific 
gravities.  The  first  liquiil  compound  is  that  which  conuiKM  d 
2  atom  of  soda  4-  2  atoms  of  water. 
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Table  of  the  Quantity  of  Real  Soda  in  watery  Solutions  of 

different  Specific  Gravities. 


Atom»  of 

Soda 
Walnr. 

Soda 
per  cent, 
by  weight. 

Soda 

per  cent. 

by  measare. 

Speci6c 
Gravity. 

Congealing 
point. 

Boiling 
point. 

1  +  a 

100 

230? 

2.30? 

1000® 

unknown. 

1    +    1 

77.8 

156 

2. 

500° 

red  hot. 

1    +   2 

63.6 

118 

1.85 

250° 

600° 

1+3 

93.8 

93 

1.72 

150° 

400° 

1+4 

46.6 

76 

1.63 

80° 

800° 

1+5 

41.2 

64 

1.56 

280° 

1+6 

36.S 

55 

1.50 

265° 

34 

50 

1.47 

255° 

31 

45 

1.44 

248° 

29 

40 

1.40 

242° 

26 

35 

1.36 

235° 

23 

30 

1.32 

228° 

19 

25 

1.29 

224° 

16 

20 

1.23 

220° 

• 

13 

15 

1.18 

217° 

9 

10 

1.12 

214° 

4.7 

5 

1.06 

213° 

3d.  The  peroxide  of  sodiiun  may  be  formed,  by  bam- 
iog  the  metal  with  an  excess  of  oxygen.  It  is  of  a  deep  orange 
colour,  very  fusible,  and  a  non-conductor  of  electricity.  When 
acted  on  by  water,  its  excess  of  oxygen  escapes,  and  it  becomes 
8oda«  It  deflagrates  with  most  combustible  bodies.  It  ap- 
pears to  be  constituted  of  2  atoms  of  sodium  s=  48,  with  5 
atoms  of  oxygen  =  24,  and  its  equivalent  number  is  there- 
fore 72. 

Clilaride  of  Sodium. 

Sodium  burns  in  chlorine  gas,  and  is  converted  into  a 
white  substance  having  a  penetrating  taste.  The  same 
compound  may  be  formed  by  heating  sodium  strongly  in  mu- 
riatic acid  gas ;  the  hydrogen  of  which  is  liberated,  while  the 
chlorine  combines  with  the  metal.  Or  it  may  be  formed  by 
mturating  carbonate  or  hydrate  of  soda  with  muriatic  acid, 
and  evaporating  the  liquid,  which  yields  chloride  of  sodium 
in  a  solid  form.     This  chloride^  also*  is  an  abundant  prodnce 
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of  nature,  being  thai  well-known  substance,  common  sail 
which  is  become  a  necessary  ingredient  in  the  food  of  man 
and  is  of  essential  utility  in  several  of  the  arts.  For  purpose 
of  experiment,  the  common  salt  may  be  employed,  which  is  t< 
be  found  in  the  sliops.  This  may  be  purified,  by  adding  to  ; 
solution  of  it  in  water  a  solution  of  carbonate  of  soda,  aslonj 
as  any  miikincss  ensues ;  filtering  the  solution,  and  evaporatin* 
it  till  it  crystallizes. 

II.  Its  qualities  are  as  follow  : 

1.  It  crystnllizcs  in  solid  regular  cubes,  or,  by  hasty  crap<^ 
ration,  in  hollow  quadrangular  pyramids,  which,  when  l1 
salt  is  pure,  are  but  little  changed  by  exposure  to  theai 
The  common  salt  of  the  shops,  however,  being  impure,  wtc 
quires  an  increase  of  weight,  in  consequence  of  the  absorption 
of  moisture.     The  various  forms  under  which  it  appears,  of 
stoved  salt,  ifishery  salt,  bay  salt,  Sec.  arise  from  modificatiom 
in  the  size  and  compactness  of  the  grain,  rather  than  froai  any 
essential  diiFerence  of  chemical  composition,  as  I  have  shown 
in  a  memoir  published  in  the  Phil.  Trans,  for  1810. 

2.  It  requires,  for  solution,  twice  and  a  half  its  weight  of 
water,  at  60^  of  Fahrenheit,  and  hot  water  takes  up  very  little 
more.  Hence  its  solution  crystallizes,  not  like  that  of  nitic^ 
by  cooling,  but  by  evaporation. 

3.  When  heated  gradually,  it  fuses,  and  forms,  when  ooU 
a  solid  compact  mass. 

4.  If  suddenly  heated,  as  by  throwing  it  on  red-hot  corf 
it  decrepitates.     It  does  not,  however,  after  being  dried 
the  teniperatui'e  of  boiling  water,  lose  by  ignition  more  tS 
two  or  three  parts  of  water /;er  cent,  and  essentially  it  coat 
no  water. 

5.  It  is  not  decomposed  when  ignited  in  contact  wit^ 
flammable  substances,  except  with  potassium,   which  w 
liberty  half  its  weight  of  sodium. 

C.  When  mixed  with  powdered  charcoal  or  sulpbi 
fused  in  a  crucible,  it  does  not  undergo  any  dcxompoif 
essential  change. 

7.   It  is  decomposed  by  the  carbonate  of  potassa,  tl 
of  which  combines  with  the  muriatic  acid  of  the  salt; 
carbonic  acid  is  transferreii  to  the  soda, — Ilenccv 
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muriate  of  potassa  and  carbonate  of  soila.  A  process  for  effect- 
ing this  decomposition,  on  a  lar<i:e  scale,  is  described  by  Wcs- 
trumb,  in  Crcll's  Journal,  English  translation,  ii.  127. 

8.  It  is  decomposed  by  the  sulphuric  acid  in  the  mode  al- 
ready described.     Nitric  acid  also  separates  the  muriatic  acid. 

When  chloride  of  sodium  is  dissolved  in  water,  it  passes, 
by  the  decomposition  of  that  fluid,  to  the  state  of  muriate  of 
soda,  and  it  is  this  salt,  and  not  the  chloride  of  sodium  (which 
last  can  only  exist  in  a  solid  form)  that  is  the  ingredient  of  sea 
water  and  other  solutions  of  common  salt.  Muriate  of  soda 
is  composed,  in  100  grains. 

According  to  Darcet  ....  of  . . 

Bcrard  ....  —  . . 

Dr.  Marcet   —  . 

■  Berzelius  . .  —  ...  .4G.5G 

From  100  grains  of  transparent  rock  salt,  dissolved  in  water, 
and  precipitated  by  nitrate  of  silver,  I  obtained  242  of  luna 
cornea;  Dr.  Marcet,  from  100  grains  of  pure  artificial  muriate 
of  soda,  fused  before  solution,  obtained  241.6;  Berzelius 
244.6 ;  and  Rose,  243.4.  Now  100  grains  of  luna  cornea 
may  be  stated,  in  round  numbers,  to  denote  19  grains  of  real 
muriatic  acid,  so  that  it  is  easy,  from  this  datum,  to  calculate 
the  composition  of  common  bait,  or  of  any  muriatic  salt,  which 
has  been  decomposed  by  nitrate  of  silver. 

When,  again,  we  cxj)el  the  water  from  a  solution  of  com- 
mon salt,  we  re-obtain  the  chloride  of  sodiuni,  so  that  muriate 
of  soda  can  have  no  existence  except  in  a  fluid  state.  Chlo- 
ride of  sodium,  as  it  exists  in  fused  common  s.ilt,  is  constituted 
of  an  atom  of  sodium,  weighing  24,  with  an  atom  of  chlo- 
rine weigliing  36,  and  its  equivalent  is  GO.  It  consist:?, 
then,  of 

Sodium 40.5    100    68 

Chlorine    5i).5    147    100 


100.  247  168 


Dr.  Wollaston  assumes  its  constitution  to  be  either  39.64 
flodium  +  60.36  chlorine ;  or,  on  the  old  theory  of  muriatic 
acid,  be  admits  its  composition  as  stated  by  Berzelius. 
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Sodium  and  Iodine. 

The  action  of  sodium  and  iodine  on  each  other  is  so  analo- 
gous to  that  of  potassium  and  iodine,  that  it  is  unnecessary  to 
describe  it.  Iodide  of  sodium  is  obtained,  and  this  compound, 
when  made  to  act  on  water,  forms  both  iodate  and  bydriodate 
of  soda. 

No  combination  is  yet  known  of  sodium  and  hydrogen. 

On  azoiic  gas  sodium  appears  to  have  no  action,  but  when 
heated  in  ammoniacal  gas,  hydrogen  is  disengaged,  and  a  ni- 
truret  of  sodium  is  formed,  which  has  an  olive  green  colour, 
is  fusible  at  a  low  heat,  and,  according  to  the  experiments  of 
Gay  Lussac  and  Thenard,  is  composed  of  100  parts  ofsodiam 
and  11.728  nitrogen. 

Phosphnret  and  Sulphuret  of  Sodium. 

There  is  scarcely  any  difference  between  the  visible  phe- 
nomena attending  the  action  of  the  base  of  soda,  and  that  of 
potassa  on  sulphur,  phosphorus,  and  the  metals.  The  sol* 
phuret  of  sodium  has  a  deep  grey  colour  ;  the  phosphuret^^ 
sembles  lead. 

Amalgam  of  Sodium  and  Mercury. 

Added  to  mercury  in  the  proportion  of -^th,  sodium  ren* 
ders  that  metal  a  fixed  solid  of  the  colour  of  silver,  and  the 
combination  is  attended  with  a  considerable  degree  of  heat 
This  amalgam  seems,  like  that  of  potassium,  to  form  triple 
compounds  with  other  metals,  and  even  with  iron  and  pla- 
tinum, which  remain  united  with  the  mercury,  when  it  ii 
deprived  of  the  new  metal  by  the  action  of  air. 

Sails  of  Soda. 
Chlorate  of  Soda. — This  salt  may  be  obtained,  by  following 
the  process  already  described,  with  the  substitution  of  pure 
soda  for  potassa ;  or  by  adding  chloric  ncid  to  carbonalcjof 
soda,  till  the  effervescence  ceases.  It  is  exceetlingly  difficult, 
however,  to  obtain  it  purc,  by  the  first  process,  because  it 
nearly  agrees  in  solubility,  with  the  common  muriate  of  soda; 
and  the  second  method  is  therefore  preferable.  It  is  soluble 
in  three  parts  of  cold  water,  and  in  rather  less  of  hot,  otmI  is 
tilightly  deliquescent.  It  issolobie  also  in  alcohol ;  but  toals<^ 
according  to  M.  Chevenix,  is  the  chloride.     It  cryftalliie* 
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in  cubes,  or  in  rhomboids  approaching  the  cube  in  form.  In 
the  mouth  it  produces  a  sensation  of  cold,  and  a  taste  scarcely 
to  be  discriminated  from  that  of  muriate  of  soda.  In  other  pro- 
perties it  agrees  with  the  similar  salt  with  base  of  potassa. 

lodate  and  Hydriodate  of  Soda, — Both  these  salts  are  ob- 
tained by  agitating  iodine  with  liquid  hydrate  of  soda.  The 
lodatehas  the  form  of  small  grains  which  have  a  cubical  shape 
contain  no  water  of  crystallization ;  and  when  heated  yield 
oxygen  gas,  a  little  iodine,  and  an  iodide  of  sodium.  They 
contain  S^.l  iodic  acid  and  15.9  soda. 

Hydriodate  of  soda  crystallizes  in  flattened  rhomboidal 
prisms,  which  arc  deliquescent,  and  contain  much  water 
of  crystallization.  By  a  sufficient  heat  it  is  converted  into 
iodide  of  sodium:  of  this  iodide,  100  parts  of  water  at  60^ 
Fahr.  dissolves  173  parts,  and,  when  strongly  heated,  it  be- 
comes sh'ghtly  alkaline,  and  is  volatilized.  The  hydriodate  of 
soda  is  composed  of  100  parts  hydriodic  acid,  and  24.728  soda. 

Nitrate  of  Soda. — This  salt  may  be  formed  by  saturating 
carbonate  of  soda  with  nitric  acid,  or  by  distilling  common  salt 
with  three  fourths  its  weight  of  nitric  acid.  When  the  former 
process  is  adopted,  the  solution  must  be  evaporated,  till  a  pellicle 
appears  on  its  surface,  and  then  allowed  to  cool.  Crystals 
will  be  produced,  having  the  shape  of  rhomboids,  or  rhom- 
boidal prisms. 

These  crystals  have  a  taste  like  that  of  saltpetre,  but  more 
intense.  They  are  soluble  in  three  parts  of  water,  at  60°,  and 
in  less  than  an  equal  weight  of  boiling  water.  They  attract 
moisture  from  the  atmosphere.  In  other  respects,  they  agree 
with  the  nitrate  of  potassa.  The  only  use  of  nitrate  oi'soda  is, 
perhaps,  that  which  has  been  suggested  by  Proust,  who  has 
found  it  to  be  more  economical  in  the  making  of  firo-works 
than  nitrate  of  potassa.*  It  consists,  according  to  Dalton,  of 
57.6  acid  =  42.4  base ,  but  these  proportions  do  not  exactly 
agree  with  those  which  ought  to  be  its  ingredients,  if  constituted 
of  an  atom  of  base  +  1  atom  of  acid,  and  if  free  from  water,  as 
asserted  by  M.  Longchamp. 

Carbonate  of  Soda. 
There  are  two  distinct  compounds  of  carbonic  acid  and 


•  Nicholfon's  Journal,  xt,  969.   See  also  6  Ann.  de  Chim.  et  Phjt.  906, 
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soda,  the  one  containing  precisely  half  as  much  carbonic  acid 
as  the  other. 

The  first,  called  sometimes  the  sub-carlonaiey  a  name,  how- 
ever,  which  is  less  appropriate  in  this  case  than  that  of  car* 
honate^  is  obtained  by  cai*etiilly  re- crystallizing  the  sodaofcom- 
mcrce.  When  required  of  great  purity,  it  is  best  prepared 
from  pure  acetate  of  soda,  which  is  decomposed  at  a  red  hrat, 
and  converted  into  carbonate  of  soda  and  charcoal,  the  for- 
mer of  which  is  separable  by  water.  The  primitive  crystal 
of  this  salt  is  an  octohedron,  with  a  rhombic  base  of  60^ 
and  120%  the  planes  of  which  meet,  at  the  summit,  at  104S 
and,  at  the  base,  at  76°.  This  crystal  varies  by  becoming 
cuneiform,  and  also  by  the  replacement  of  the  solid  angle 
of  the  summits  by  planes  paraliel  to  the  base,  affording  the 
decahedral  variety,  which  is  most  common.  These  crystals 
have  the  following  properties. 

1.  When  heated  to  150*^  Fahrenheit,  they  fuse;  boil  vio- 
lently, if  the  heat  be  raised ;  and  leave  a  dry  white  powder. 
What  escapes  is  water  only ;  and  it  forms,  according  to  B^ 
rard,  62.69  per  cent,  of  the  weight  of  the  salt ;  to  Kirwan,  6i: 
Dalton,  6S;  and  D'Arcet,  63.6.  The  crystals,  also,  lose  their 
water  by  exposure  to  the  atmosphere,  or  effloresce, 

2.  If  the  fused  salt  be  kept  boiling  in  a  retort,  Mr.  Dalton 

finds  that  it  deposits  a  hard,  small-grained  salt,  which  contains 

only  46  per  cent,  of  water;  the  clear  liquid  lias  the  si)ccific 

gravity  of  1.35;  and,  on  cooling,  concretes  into  a  fragile  icymass. 

The  first  compound,  Mr.  Dalton  estimates  to  consist  of  1  atom 
of  carbonate,  and  10  of  water;  the  second  of  1  atom  of  salt, 

and  5  of  water ;  and  the  third  of  1  atom  of  salt,  and  1 5  of  water. 

3.  Water  at  60°  takes  up  half  its  weight  of  the  sub-carlx)ii- 
ate;  and  boiling  water  dissolves  ratlier  more  than  its  ovo 
weight.  The  strongest  solution,  that  can  be  preserved  at  the 
temperature  of  the  atmosphere,  has  the  specific  gravity  1^6: 
but  even  this  is  liable  to  partial  crystallization. 

4-.  If  100  grains  of  the  salt  be  slowly  added  to  a  quantity  of 
diluted  sulphuric  acid,  more  than  sufficient  for  neutralization} 
and  of  known  weight,  the  loss  of  weight  will  show  the  quantity 
of  carbonic  acid  contained  in  100  grains.  From  experiments 
of  this  kind,  joined  with  others  on  its  loss  by  fuskm,  Beftid 
deduces  its  composition  to  be 
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Acid....  13.98    ....  100    ....     60 

Base....  23.33    166    ....   100 

Water  . .  62.69 


100. 


Independently  of  the  water  of  crystallization,  its  composition 
Imsbecu  differently  stated,  viz.  100  grains  contain, 

Acid.  Bmc. 

According   to  Berard    37.50  . .  62.50 

Dulong 40.09  . .  59.91 

■  Dalton    40.40  . .  59.60 

Kiaprotli    ....  42.  . .  58. 

Kirwan 40.10  . .  59.90 

On  the  supposition  that  dry  carbonate  of  soda  is  constituted 
ofl  atom  of  acid  =  22,  +  1  atom  of  base  =  32,  its  equivalent 
number  will  be  54,  and  it  will  consist  of 

Acid 41.23    100 T0.15 

Base 58.77    142.54 100. 


100.  242.5  Ir  170.15 

And  the  crystallized  salt  will  be  constituted  of  one  atom  of 
dry  carbonate  =  54,  -f  7  atoms  of  water  =  63^  and  its  equi- 
valent number  will  be  117.  This  gives  for  its  composition,  in 
100  grains,  37.13  carbonate  +  62.87  water,  agreeing  in  this 
respect  very  nearly  with  the  experimental  result  of  Berard. 
One  hundred  grains  of  the  dry  salt  require  for  neutralization 
460  grains  of  sulphuric  acid  of  density  1.141 ;  and  hence  the 
quantity  of  dry  carbonate  in  the  soda  of  commerce  may  be 
learned,  by  ascertaining  the  proportion  of  sulphuric  acid  of  that 
strength  which  100  grains  of  any  sample  require  for  saturation. 

When  a  solution  of  the  carbonate  of  soda  is  saturated,  by 
passing  through  it  a  stream  of  carbonic  acid  gas,  or  when  n 
solution  of  100  parts  of  the  salt  are  heated  with  one  of  1 4  parts 
ofcarl>onate  of  ammonia,  we  obtain  by  evaporation  an  indis- 
tinctly  crystallized  salt,  which  is  the  hi-carbonate  of  soda.  The 
taste  of  this  salt  is  much  milder  than  that  of  the  carbonate  ; 
and  it  requires  a  much  larger  quantity  of  water  for  solution. 
It  appears  to  be  constituted  of  1  atom  of  soda  =s  SS,  +  2 
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Phosphite  and  Phosphate  of  Soda. 

Phosphite  of  Soda  has  not  been  examined.  Hypo-phosphite 
of  soda  is  very  soluble  in  water  and  alcohol.  Little  else  is 
known  respecting  it.     (See  Ann.  de  Ch.  et  Phys.  ii.  142.) 

Phosphate  of  Soda  may  be  obtained  by  saturating  with  car- 
bonate of  soda  the  phosphoric  acid  obtained  from  bones  (s^ 
p.  365),  and  evaporating  the  filtered  liquor  till  a  pellicle  appears. 
On  cooling,  crystals  arefbrmed  which  are  rhomboidal  prisms,  the 
acute  angles  60^  and  the  obtuse  angles  120%  terminated  by  a 
Arce  sided  pyramid.  The  salt  is  soluble  in  four  parts  of  water 
at  50®  Fahr.  or  in  twice  ils  weight  of  water  at  212°.  It  con- 
tains always  an  excess  of  base,  and  effloresces  when  exposed 
to  the  atmosphere.  By  a  strong  heat  it  loses  62  per  cent,  of 
water,  and  the  residuum  is  fusible  into  an  enamel.  The  dry 
salt  18  constituted^  of 

Phosphoric  acid    53.48 100. 

Soda 46.52 87. 


100. 

Hence  the  crystals  consist  of 

Phosphoric  acid 20.33 

Soda 17.67 

Water 62. 


100. 

Mr.  Dalton  considers  the  salt  above  described  as  a  hi-phos- 
phale^  and  constituted  of  46  phosphoric  acid  +  28  soda,  or  of 
two  atoms  of  acid  and  one  of  base.  To  render  it  neutral  by 
colour  tests,  he  finds  that  the  acid  must  be  doubled,  or  that  the 
neutral  phosphate  is  in  fact  a  quadri^phosphate.  The  simple 
phosphate,  consisting  of  one  atom  of  acid  and  one  of  base, 
may  be  formed  by  adding  as  much  more  caustic  soda  to  xhc 
bi-phosphate  as  it  already  contains.  The  new  Halt  is  nnich 
soluble  than  the  bi-phosphate,  and  crystallizes  in  very 
needles.  This  salt  Mr.  Dalton  recommends  as  tlie  proper 
.ftHigeiit  in  cbemiool  analysis,  t 

*  Bamlkis  Ann.  die  Cbim^  et  Pb3rs.ii.  164.    f  Mancb.  Memoiri,  N.S.  iii.  1 U 
VOL.   I.  2  N 
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Snlpkuretf  Hydro-Stilphureij  Hydrogitreled  Snlphuret^  Hypo- 

sufphilc,  and  Sulphite  of  Soda. 

The  sulpburet  and  hydrogureted  sulphuret  of  soda  are  to 
analogous  to  the  similar  compounds  wjtli  base  of  potassa,  that 
it  is  unnecessary  to  add  any  thing  rcs})ecting  them. 

HydrO'Sulphuret  of  soda  derives  its  chief  importance  from 
being  produced,  along  with  the  carbonate,  in  several  processes 
by  which  soda  is  obtained  from  the  sulphate.^  When  first  fonn- 
ed,  it  Is  transparent,  colourless,  and  crystallizes  in  four  siiled 
prisms  acuminated  by  four  planes*  It  has  an  acrid  and  alks- 
line  taste,  which  soon  changes  to  a  strong  bitter.  Its  solution 
is  colourless,  but  tinges  the  skin  and  paper  green.  With  adds 
it  effervesces  briskly,  sulphureted  hydrogen  escapes,  and  no 
sulphur  is  deposited,  unless  chlorine  or  nitric  acid  be  added, 
which  attract  the  hydrogen  and  throw  down  sulphur. 

To  distinguish  this  hydro-sulphuret  from  that  of  potasU) 
which  it  closely  resembles,  Vauquelin  proposes  to  add  a  tola- 
tion  of  alumine  in  sulphuric  ncid.  This  occasions  a  crystal- 
lization of  nlum  with  the  latter,  but  not  with  the  hydro-mi* 
phurct  of  soda. 

Sulphite  of  soda  forms  white  and  transparent  crystals,  wbidi 
nro  foin*  sided  prisms  with  two  broad  sides  and  two  narrow 
ones,  terminated  by  dihedral  summits.  It  has  a  cool  solpho- 
rous  taste,  is  soluble  in  four  parts  of  cold  or  in  less  thaiiits 
weight  of  boiling  water.  By  exposure  to  the  nir,  it  eflBorescci, 
and  is  changed  into  a  sulphate.  It'  is  constituted,  according 
to  Dr.  Thomson,  of 

Acid   24.5 

Soda 24.5 

Water 51. 

100. 

Hypo-stilphite  of  soda  may  be  prepared  in  the  same  way  •* 
the  analogous  salt  of  potassa.  When  the  solution  is  evapo- 
rated to  a  syrupy  consistence,  it  crystallizes  in  silky  tnfti,  nii^^' 

*  Ann.  d«  Chim.  Ixiv.  69. 
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ng  from  a  centre,  and  rendering  tiie  liquid  solid.  It  is  deli* 
[aescent,  and  its  taste  is  intensely  bitter  and  nauseous.  When 
leated,  it  first  fuses,  then  dries  into  a  white  mass,  and  at 
ength  takes  fire  and  burns  with  a  bright  yellow  flnme.  It  ]& 
nsoluble  in  alcohol.  It  has  the  property  of  rapidly  dissolving 
be  chloride  of  silver,  when  newly  precipitated. 

Sulphate  of  Soda. 

{a)  This  salt  forms  regular  octahedral  crystals,  of  a  pris- 
natic  or  cuneiform  figure ;  the  two  terminating  pyramids  or 
vhicb  Are  truncated  near  their  basis. 

(b)  It  has  a  more  bitter  taste  than  the  preceding  sulphate^ 
lod  dissolves  more  easily  in  the  mouth. 

(c)  It  melts  and  swells  upon  a  heated  iron,  in  consequence  of 
he  loss  of  its  water  of  crystallization,  and  a  white  powder 
s  left,  amounting  to  only  about  36  parts  from  100  of  the 
original  salt,  or  43.2  according  to  Bucholz. 

(J)  By  exposure  to  the  atmosphere,  it  effloresces,  and  loses 
weight,  and  with  so  much  quickness,  that  it  is  difficult  to 
iscertain  precisely  its  water  of  crystallization.  Berzelius  states 
t  at  56  per  cent,  which  agrees  with  my  experience. 

[e)  It  is  very  soluble  in  water,  three  parts  of  which,  at  60^ 
>f  temperature,  dissolve  one  of  the  salt ;  and  boiling  water 
lissolves  its  own  weight. 

{/)  Its  composition  is  inferred  from  the  quantity  of  sni- 
(>hates  of  barytes,  obtained  by  decomposing  the  solution  of  a 
known  weight  of  this  salt  by  any  barytic  salt.  Bucholz,  from 
1 000  grains  of  the  crystallized  salt  (  =  432  deprived  of  water^ 
c>btained  698  of  sulphate  of  barytes ;  and  Berzelius,  from  5 
parts  of  the  diy  salt,  precipitated  8.16  of  sulphate  of  barj'tes. 
His  experiment,  to  have  corresponded  wid)  that  of  Bucholz, 
should  have  given  8.12.  Assuming  the  acid  in  sulphate  of 
^rytes  to  be  33.5  per  cent.,  100  paits  of  dry  sulphate  of  soda, 
[giving  161.3  of  the  barytic  sulphate)  must  consist  of 


Base  •  •  • . 

• .  •  •  46 

...   100 

Acid  . .  • . 

54 

100 
2  N  2 

• .  •  117*5 
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Mr.  Dalton's  nmubers  are  54.8  acid  +  45.2  base;   Dr. 
Wollastou's  5Q  +  44 ;  Dr.  Ure*8  55.55  +  44.45 ;  and  those 
of  Berzelius  55.76  +  44.24.     The  proportion  of  56  to  44  ii 
ino$t  consistent  with  the  notion  that  this  salt  is  constitttted  of 
1  atom  of  acid  -f  1  of  base;  for  40:  32::  56  :  44.    Hence 
its  equivalent  number  is  72;  and,  adding  10  atoms  of  water 
-(90),  we  obtain  162  for  the  equivalent  of  the  crystallized  salt, 
which  must  be  composed  of 

I 

Acid 24.66 

Soda 19.34 

Water 56. 


100. 


Bisidpkate  of  soda  may  be  formed  by  adding  sulphuric  acid 
to  a  hot  solution  of  sulphate  of  soda.  I^rge  rhomboidal 
crystals  arc  formed,  which  are  soluble  in  twice  their  weighi  of 
water  at  60^;  effloresce  by  exposure  to  tlie  air;  and  when 
heated  lose  their  excess  of  acid. 

Seleniates  of  soda. — Selenic  acid  unites  with  soda  in  three 
different  proportions,  each  of  which  constitutes  a  distinct  sab, 
but  they  have  no  particularly  interesting  properties. 

Hydro-cyanate  of  soda,  like  all  the  other  salts  of  this  class,  i& 
alkaline,  and  is  decomposed  by  mere  exposure  to  the  atmo^ 
phere. 

Ferro'cyanaie  of  soda  is  of  a  yellow  colour,  and  forms  four 
sided  prisms,  terminated  by  dihedral  summits,  which  efflorew^ 
in  the  air,  and  lose  37. J  per  cent,  of  their  weight.  At 55" 
Fahr.  they  dissolve  in  4i  times  their  weight  of  water,  bul^^ 
quire  much  less  boiling  water,  from  which  they  separate  oo 
cooling.     They  are  soluble  in  alcohol. 


SECTION  III. 
Lithium, 


The  discovery  of  lithia,  the  source  of  this  new  metal,  whicli 
4lates  only  from  the  commencement  of  181 8,  is  due  to  the 
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skill  and  sagacity  of  M.  Arrvredson,  a  pupil  of  Berzeliiig. 
In  the  analysis  of  a  mineral  called  Peialiie  (first  discing 
gaished  as  a  new  species  by  M.  IKAndrada,  who  found 
it  in  the  mine  of  Uto,  in  Sweden )y  about  3  per  cent,  of 
an  alkali  was  obtained,  which  M.  Arfvredson  at  first  sup» 
posed  to  be  soda.  On  more  accurate  examination,  how* 
efer,  the  new  substance  displayed  properties  entirely  distinct 
from  those  of  either  soda  or  potassa,  especially  in  possessing^ 
the  power  of  neutralizing  a  much  greater  quantity  of  the  di^ 
ferent  acids  than  either  of  those  alkalis ;  in  which  respect  it 
eren  surpassed  magnesia.  To  distinguish  it  from  the  two 
other  fixed  alkalis,  both  of  vegetable  origin,  it  received  th* 
luune  of  liihum,  (from  Xittio^,  lafddeus ;)  and  this  term,  to  suit 
the  analogy  of  the  other  alkalis,  was  afterwards  converted  int^ 
Mikia  or  lithina. 

The  proportion  of  lithia  in  petal  ite  ha?  since  been  found 
to  be  5  per  cent. :  and  from  some  very  pure  pieces  of  that  mi« 
aeraly  Vauqueliu  has  extracted  even  7  per  cent  M.  ArC* 
vredson  has  discovered  it,  to  the  amount  of  8  per  cent,  ia 
iripkane  or  spodumeney  a  mineral  which  is  not  so  scarce  as  pe» 
talitc;  and,  to  the  extent  of  4  per  cent,  in  crystallized  lepido^ 
Ute.  The  simplest  process  for  obtaining  it  consists  in  fusing^ 
the  mineral, finely  pulverized,  with  three  times  iu  weight  of  car^ 
bonate  of  potassa;  dissolving  the  fused  mass  in  muriatic  acid; 
evaporating  to  dryness ;  and  digesting  in  alcohol,  which  takes 
vap  scarcely  any  thing  but  a  compound  of  the  new  earth  with 
muriatic  acid.  By  evaporating  a  second  time  to  drjnaess,  and 
again  dissolving  in  alcohol,  the  muriate  of  lithia  is  obtained 
pure.  This  muriate  may  be  decomposed  by  digestion  with 
carbonate  of  silver ;  and  the  solution  of  the  carbonate^  being; 
decomposed  by  lime  or  by  barytas,  yields  a  solution  of  pure 
lithia,  which  may  be  evaporated  to  dryness  out  of  contact  with 
the  air,  from  which  it  rapidly  imbibes  carbonic  acid. 

M .  Arfvredson  decomposed  petalite  by  the  following  mo-^ 
tbod.  He  strongly  calcined,  for  an  hour  and  a  haU^  the  finely 
powdered  mineral  with  four  times  its  weight  of  pure  carbonate 
ofbarytes;  digested  the  product  with  an  excess  of  muriatic^ 
add,  which,  leaving  the  silica  undissolved,  took  up  the  baryta^ 
alununay  &c. ;  precipitated  the  baryta  by  sulphuric  acid,  and 
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the  alumina  by  carbonate  of  ammonia;  and  then,  evaporating 
to  dryness  the  residuary  liquor,  and  raising  the  beat  so  as  t4^ 
expel  the  ammoniacal  salts,  a  saline  residue  was  left,  wbicb 
was  dissolved  by  water,  with  the  exception  of  a  small  quantity 
of  sulphate  of  lime.    It  was  a  neutral  salt,  consisting  of  (be 
new  substance  in  combination  with  sulphuric  acid.     The  sol* 
phate  was  decomposed  by  acetate  of  barytes,  and  the  acetate 
of  lithia,  thus  obtained,  was  converted  by  calcination  into  cur* 
bonate  of  lithia.*     For  carbonate  of  barytes,  Vauqudin  lod 
Gmelint  advantageously  substituted  the  nitrate. 

Pure  lithia  is  very  soluble  in  water,  and,  like  the  other 
alkalis,  has  an  acrid,  caustic  taste.  Like  them  also.  It  changes 
vegetable  blue  colours  to  green.  When  heated  in  coottct 
with  platinum,  it  fuses,  and  then  acts  on  the  metal.  That  it 
agrees  with  the  otiier  alkalis  in  containing  a  metallic  baser 
has  been  proved  by  Sir  H.  Davy,  who  applied  the  power  of 
a  galvanic  battery  to  a  portion  of  the  carbonate^  ft»ed  in  a  i 
platinum  capsule.  On  rendering  the  platinum  positive,  and 
bringing  a  negative  wire  to  the  surface  of  the  fused  carbonate, 
the  alkali  was  decom|K>8ed  with  briglit  scintillations :  but  tbe 
reduced  metal  burned  again  so  rapidly,  that  it  was  only  ob- 
served to  be  of  a  white  colour  and  very  similar  to  sodium. 
Omelin  was  not  more  successful  in  attempting  to  obtain  the 
base  of  lithia  separate,  for,  as  fiist  as  it  was  formed,  it  was  again 
converted  into  an  oxide.  From  analogy,  this  base  has  received 
the  name  of  lilhium.  The  proportion,  in  which  this  metal 
unites  with  oxygen,  has,  of  course,  not  been  determined  by 
direct  experiment ;  but  it  has  been  deduced  by  Vauqoelio, 
from  an  analysis  of  the  sulphate  of  lithia,  and  the  appUcatioD 
of  the  law,  that  the  proportion  between  the  oxygen  of  sulphnric 
acid  and  that  of  the  bases  which  it  saturates  is  as  d  to  i,  to 
be  as  follows: 

Lithium 56.50    ....   100    ....   130 

Oxj-gen 45.50    ....     77    ....  100 

100. 
Arfvrcdson's  estimate  scarcely  differs  from  this;  but  Gmdin 
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deduces  the  composition  of  lithia  to  be  58.03  metal  +  41.95 
oxygen ;  and  if  tiiis  be  correct,  and  lithia  be  constituted  of  an 
atom  of  each  of  its  ingredients,  lithium  will  be  represented  by 
11,  and  lithia  by  that  number  +  8=19. 

Chloride  of  lUhium  may  be  obtained  by  evaporating  the  mu- 
riate of  lithia  to  dryness,  and  fusing  the  residue.  It  is  white 
and  semi-transparent,  extremely  deliquescent,  soluble  in  al- 
cohol, is  decomposed  when  strongly  heated  in  the  open  air, 
when  it  parts  with  chlorine,  absorbs  oxygen,  and  becomes 
highly  oikaline.  It  is  very  difficultly  crystaliizable,  and  tinges 
the  flame  of  alcohol  red.  In  all  these  respects,  it  presents 
striking  differences  from  potassa  and  soda. 

With  sulphur,  lithia  affords  a  very  soluble  yellow  com- 
pound, which  is  decomposed  by  acids,  with  the  same  pheno- 
mena as  the  alkaline  sulphurets,  and,  from  the  abundance 
of  the  precipitate,  appears  to  contain  a  large  proportion  of 
sulphur. 

Sulphate  of  lilhia  crystallizes  in  small  prisms  of  a  shining 
white  colour.  It  is  more  fusible  and  soluble  than  sulphate  of 
potassa,  and  has  a  saline,  not  a  bitter,  taste.     It  is  constituted  of 

Sulphuric  acid 69.20 

Lithia    30.80 


100. 


Bi'Sulphale  of  lilhia  is  produced  by  adding  an  excess  of 
sulphuric  acid  to  the  neutral  sulphate.  It  is  more  fusible  and 
leis  soluble  in  water  than  the  sulphate. 

Nitrate  of  lithia  is  very  soluble,  and  by  evaporation  crystal- 
lizes sometimes  in  regular  rhomboids,  sometimes  in  needles. 
It  is  extremely  fusible;  and  at  the  instant  when  it  has  cooled, 
it  attracts  moisture  from  the  air,  and  becomes  fluid.  The 
muriate  is  not  crystaliizable,  but  a  crust  appears  on  the  surface 
of  its  solution  during  eva|>oration. 

Carbonate  of  lithia  is  efflorescent  in  the  air,  and  is  sparingly 
soluble,  requiring  about  100  times  its  weight  of  cold  water. 
It  consists  of  54.46  acid  +  45.54  base.  The  watery  solution 
effervesces  witli  acids;  changes  vegetable  blue  colours  to 
green ;  decomposes  solutions  of  alumine  and  magnesia,  and  of 
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the  metals;  is  renclcreilcaastic  bylime;  clisengagres  ammonuL 
from  its  combinations ;  and  does  not  precipitate  the  mariatQ 
of  platinum.  The  dry  carbonate,  when  fused  on  platmain^ 
acts  as  powerfully  on  that  metal  as  the  alkaline  nitrates. 

Phosphate  of  lilhia  is  formed  by  adding  phosphate  of  ammo, 
nia  with  excess  of  base  to  sulphate  of  lithia,  when  bn  insdii* 
ble  phosphate  of  lithia  falls  down.     By  this  property  it  may 
be  separated  from  potassa  and   soda.     There  exists  also  i 
H'phosphate  of  lithia. 

Lithia,  then,  is  sufficiently  distinguishable  both  from  potMi 
and  so<lu,  by  its  difficult  solubility  in  water;  by  affording  de- 
liquescent salts  with  muriatic  and  nitric  acids;  and,  still  mon^ 
by  its  higher  capacity  of  saturation.  It  agrees  with  soda  in 
not  being  precipitated  l>y  tartaric  acid  or  muriate  of  platioa; 
but  thesaltsof  lithia,  when  their  concentrated  solutions  are  mix- 
ed with  one  of  carbonate  of  soda,  deposit  carbonate  of  lithia. 


SECTION  IV. 

Calcium. 

To  obtain  calcium,  a  paste  may  be  moulded,  either  of  pure 
lime,  or  of  sulphate  of  lime  and  water,  into  the  shape  of  asmall 
capsule,  which  may  be  placed  on  a  metullic  dish.  Into  this 
capsule  mercury  may  be  poured,  and  connected  with  the  ne- 
gative extremity  of  a  galvanic  apparatus  of  sufficient  power, 
while  the  positive  wire  of  the  same  pile  is  made  to  touch  the 
under  surface  of  the  metallic  plate.  When  the  contact  hss 
been  continued  sufficiently  long,  an  amalgam  of  mercury  and 
calcium  is  obtained,  which  may  be  put  into  a  small  retort^ 
along  wim  naphtha  enough  to  cover  it.  The  retort  is  then  to 
be  connected  with  a  tubulated  receiver,  the  tubulure  of  whidi 
is  only  loosely  stopped  with  a  cork.  On  applying  heat,  the 
naphtha  first  comes  over ;  then  the  mercury  ;  and  the  calciom 
remains,  surrounded  by  an  atmosphere  of  vapour  of  naphtha. 
As  the  vessels  cool,  it  would  be  desirable,  and  would  not  be 
difficult,  to  fill  them  with  nitrogen  gas,  to  prevent  the  oxida* 
tton  of  the  calcium. 
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At  present  our  knowledge  of  calcium  in  a  pure  state  is  very 
imperfect.  In  the  instance  in  which  Sir  H.  Davy  succeeded 
to  the  greatest  extent  in  distilling  the  quicksilver  from  the 
amalgam,  the  tube  unfortunately  broke  while  warm,  and  at  the 
m(Hnent  when  the  air  entered,  the  metal,  which  had  the  colour 
and  lustre  of  silver,  took  fire,  and  burned  with  an  intense 
white  light  into  lime.  Berzelius  obtained  an  amalgam  of  mer* 
cury  and  calcium,  by  electrifying  lime  liquor  in  contact  with 
mercury,  and  on  this  amalgam  water  was  made  to  act.  Frcmi 
the  quantity  of  lime  thus  produced,  he  estimates  its  composi* 
tion  to  be 

Calcium 71 .73    100. 

Oxygen 28.27    39.4 

100. 

And  39.4-  :  100  ::  8  :  20.3,  which  last  number  is  the  equiva- 
lent of  calcium;  and  20  4-  8  =  28  may  be  regarded  as  repre* 
senting  very  nearly  the  atom  of  lime. 

Lime. 

The  external  characters  of  lime  may  be  exhibited  in  com- 
mon quicklime,  such  as  is  employed  for  the  purposes  of  build- 
ing or  agriculture.  In  the  same  state,  it  is  generally  pure 
enough  for  demonstrating  its  chemical  properties ;  but,  when 
used  for  purposes  of  the  latter  kind,  it  should  be  fresh  burnt 
feom  the  kiln.  For  accurate  experiments,  it  should  be  pre- 
pared by  calcining  in  a  crucible,  for  several  hours,  Carara  or 
Pkrtan  marble,  or  carbonate  of  lime,  which  has  been  precipi- 
tated by  carbonate  of  ammonia  from  the  muriate,  and  perfectly^ 
edulcorated  by  abundance  of  distilled  water.  lu  specific  gravity 
it  2.3.  It  requires  for  its  fusion  the  intense  heat  of  voltaic 
dectricity,  or  of  the  oxy-hydrogen  blow-pipe.  It  it  not  volatile. 

Relation  of  lime  to  water. 

{a)  Lime  absorbs  water  very  rapidly,  and  with  considerable 
heat  and  noise.  This  may  be  shown  by  sprinkling  a  little 
water  on  some  dry  quicklime;  when  the  lime  will  become  ex^ 
tremdy  hot,  and  fall  into  powder,  which  has  been  called  dry 
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hydrate  of  lirne.    In  this  compound,  the  lime  is  to  the  water, 
accordinfi^  to  Mr.  Ualton,  as  2^  to  8 ;  according  to  Da^y,  as 
55  to  17;  and  to  Berzelius,  as  100  to  32.1,  which  last  num- 
bers, being  as  nearly  ns  possible  in  the  proportion  of  tiie  weights 
of  the  atoms  of  lime  and  water  (viz.  28  to  9),  are  probably  tbe 
correct  ones.  It  is,  therefore,  strict ly  a  proto^hydt  ale.  Somecaic 
is  necessary  in  its  preparation,  lest  more  water  should  be  added, 
than  is  essential  to  its  constitution.    It  affords  a  very  convenient 
form  of  keeping  lime,  for  occasional  use  in  a  IalK>ratory ;  for 
the  hydrate  may  safely  be  preserved  in  glass  bottles,  which  arc 
almost  constantly  broken  by  the  earth,  if  inclosed  in  its  per- 
fectly dry  state.     The  hj'd rate  of  lime  differs  from  those  of 
baryta  and  strontia,  in  retaining  its  water  much  less  forcibly; 
lor  the  whole  of  it  may  be  expelled  by  a  strong  red  heat ;  and 
pure  and  absolutely  dry  lime  remains. 

The  degree  of  heat,  produced  by  the  combination  of  lime 
with  water,  is  8npi>osed  by  Mr.  Dalton  to  be  not  less  tlian 
800%  and  is  sufficient  to  set  fire  to  some  inflammable  bodies; 
and  when  a  large  quantity  of  lime  is  suddenly  slaked  in  a 
dark  place,  even  light,  according  to  Pelletier,  is  sometimes 
evolved.  The  caloric,  which  is  thus  set  at  liberty,  is  doubt- 
less that  contained  in  the  water,  and  essential  to  its  fluidity. 
By  combination  with  lime,  water  passes  to  a  solid  state,  ami 
probably  even  to  a  state  of  much  gi*eater  solidity  than  that  of 
ice.  Hence,  during  this  change,  it  evolves  more  caloric  tlian 
during  conversion  into  ice ;  and  hence  even  ice  itself^  when 
mixed  with  quicklime,  in  the  proportion  of  one  to  two,  eaters 
into  a  combination  which  has  its  temperature  raised  to  21^* 
When  a  sufficient  quantity  of ^water  has  been  added  to  reduce 
lime  into  a  thin  liquid,  this  is  called  milk  or  cream  of  lime; 
but  this  can  scarcely  be  regarded  as  a  definite  compound. 

Lime,  though  not  of  itself  volatile,  is,  in  some  manner,  per* 
haps  mechanically,  carried  up  by  the  vapour  of  water  employ* 
ed  in  slaking  it.  When  a  piece  of  moistened  paper,  suio^ 
with  the  juice  of  the  violet,  is  held  in  the  steam,  which  ariie^ 
from  lime  suddenly  slaked,  its  colour  is  changed  from  bloe  to 
green.  Hence  the  smell  which  is  perceived  during  the  slaking 
4>f  lime. 

(b)  Lime  absorbs  moisture  from  the  atmof^phere,  and  fiiUsgra- 
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dually  into  powder,  containing  pure  lime  and  water,  in  the  pro- 
portion nearlyof  lOOto  82;  or  it  becomes  a  true  proto-hydrate^ 
(c)  Lime  is  very  sparingly  soluble  in  water,  viz,  in  the  pro- 
portion of  about  1  to  700  ;  according  to  Thomson,  1  to  758 ; 
to  Davy,    1  to  450 ;  and  to  Dalton,  at  60^  Fahrenheit,  1  to 
778.     From  a  wine  pint  of  lime  water  prepared  at  60^  Fahr^ 
Mr.  R.  Pfaiilips  precipitated  by  carbonate  of  ammonia  17.3- 
grains  of  carbonate,  equivalent  to  9.7  of  lime.     And  as  a  wine 
pint  of  this  lime  water  weighs  about  7 SOO  grains,  it  follows  that 
water  at  60^  Fahr.  takes  up  about  l-752d  of  its  weight  of  that 
earth.     The  experiments  of  Mr.  Dalton  tend  to  establish  » 
curious  fiict  respecting  the  solubility  of  lime,    v'z.    that    it 
dissolves  more  plentifully  in  cold  than  in  hot  water.     He  has^ 
given  the  following  table,  the  first  column  of  which  expresse»^ 
the  temperature  of  the  water;    the   second,  the  number  oF 
graihs  of  water,  required  to  take  up  one  grain  of  lime;  and 
die  third,  the  number  required  to  dissolve  one  grain  of  hydrate- 
of  lime. 

Orains  of  ^ater  Grains  of  water 

Temperatare  that  dissolve  that  dissoke 

1  gr.  of  lime.  1  gr.  of  hydrate. 

60°    778 584. 

130"^ 972 720 

212°   1270 952 

At  the  freezing  point,  or  nearly  so,  Mr.  Dalton  thinks  i& 
probAble  that  water  would  take  up  nearly  twice  as  much  lime, 
ns  is  dissolved  by  boiling  water.  This  inlerence  has  been  con* 
firmed  by  Mr.  R.  Phillips,  who,  after  satisfying  himself  of  the 
correctness  of  Mr.  Dalton's  statement  of  the  composition  of 
lime  water  prepared  at  212°,  determined  by  cx|>eriment  that 
water  at  or  near  S2°  Fahr.  dissolves  -^  of  its  weight  of  lime, 
or  as  nearly  double  as  possible.  He  found  also  that  the  solu- 
tion prepared  at  this  temperature,  when  heated  to  ebullition  inr 
a  glass  vessel,  from  which  a  long  tube  issued  to  allow  the  escape 
of  steam,  and  to  prevent  the  access  of  carbonic  acid,  deposited 
small  white  particles  of  lime.  These  separated  in  such  quan- 
tity, that  though  only  1-lSthof  the  solution  was  evaporated, 
ibe  proportion  of  lime  was  reduced  to  tuW  '^^^  cause  of 
this  crystallization  Mr.  Philli|>s  supposes  to  be  the  influence 
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of  heat  in  increasing  the  aggregative  affinity  of  the  lime ;  but 
it  is  probable  that  the  heat  may  also  operate  in  diminisbii^ 
the  affinity  of  water  for  lime.     (See  Ann.  of  Phil.  N.  &  i*  107 •) 

The  watery  solution  of  lime  has  an  acrid  disagreeable  tast^ 
turns  vegetable  bhies  to  green,  and  unites  with  oil,  forming 
an  imperfect  soap.  To  prepare  the  solution,  lime  is  to  be 
slaked  to  a  thin  paste,  and  a  sufficient  quantity  of  water  after- 
wards added.  The  mixture  is  to  be  stirred  repeatedly,  the 
lime  allowed  to  settle,  and  the  clear  liquor  decanted  for  use. 
It  must  be  preserved  in  closely  stopped  vessels,  for  reaaoaa 
which  will  be  stated  in  the  chapter  on  carbonic  acid. 

{d)  When  lime  water  is  freely  exposed  to  the  atmoq>here^ 
the  lime  is  precipitated  from  it  in  the  state  of 'a  carbonate; 
and  it  is,  therefore,  not  possible  to  obtain  crystals  of  pure 
lime,  by  evaporating  lime  water  in  the  common  way.  Its 
-crystallization,  however,  has  been  effected  by  Gay  Lussac,  by 
inclosing  a  vessel  of  lime  water,  and  another  of  concentrated 
sulphuric  acid,  under  the  same  glass  receiver.*  The  evapora-> 
tion  of  the  water  goes  on  quickly,  especially  when  the  sulphuric 
acid  is  occasionally  renewed,  and  small  transparent  crystals 
are  obtained  in  regular  hexahedrons,  cut  perpendicularly  to 
their  axes.  They  remain  transparent  when  exposed  to  the  air 
for  a  few  days,  and  are  then  changed  into  carbonate  of  lime. 
By  Ignition  in  a  glass  tube,  their  water  of  crystallization  is  ex- 
pelled, and  they  are  proved  to  consist  of 

Lime 76.26    100. 

Water   23.74    Sl.14 


100. 

These  crystals  agree,  therefore,  very  nearly  in  composition 
with  the  proto-hydrate,  which  is  obtained  by  exposing  quick- 
lime to  a  damp  atmosphere.  This,  if  the  atom  of  water  be 
taken  at  9,  and  the  atom  of  lime  at  28,  will  make  that  of  the 
hydrate  37. 

Peroxide  of  Calcium. 
When  oxygen  gas  is  passed  over  ignited  quicklime,  the 

*  Ana.  d«  Cbini.  pt  Pbys.  i.  384* 
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gm  is  abaorbedy  and  a  peroxide  of  calcium  is  obtained ;  the 
exact  compotition  of  which  has  not  been  detennined.  A  si- 
milar peroxide,  united  with  water,  is  formed  also,  according  to 
Thenard,  when  lime  is  brought  into  contact  with  the  oxygen- 
ated water,  discovered  by  that  chemist 

Chloride  of  Calcium  and  Muriate  of  Lime* 

When  lime  is  heated  in  chlorine  gas,  oxygen  is  evolved, 
and  a  chloride  of  calcium  is  formed.  The  same  compound  is 
obtained  by  saturating  muriatic  acid  with  carbonate  of  lime^ 
and  evaporating  to  dryness,  and  fusing  the  residue.  In  this 
case  the  muriatic  acid  is  decomposed ;  its  hydrogen,  uniting 
with  the  oxygen  of  the  lime,  escapes  in  the  state  of  water  ^ 
and  the  chlorine  unites  with  the  calcium.  T*he  chloride  and 
the  muriate  are,  therefore,  mutually  convertible  by  adding  or 
expelling  water.  One  hundred  grains  of  carbonate  of  lime 
afford,  according  to  Berzelius,  109.6  of  fused  chloride  of 
calcium,  containing,  as  appears  from  calculation,  69.6  chlorine^ 
and  40  of  the  metal,  which  numbers  are  as  nearly  as  possible 
in  the  proportion  of  36  to  20,  the  equivalents  of  chlorine  and 
calcium.  Hence  the  representative  number  of  chloride  of 
calcium  is  36  +  20  =  56  ;  or  it  consists  of 

Chlorine   64 

Calcium 36 

100 
When  chloride  of  calcium  is  exposed  to  the  atmosphere,  it 
deliquiates  very  rapidly.  It  is  of  course,  therefore,  soluble  in 
a  very  small  quantity  of  water,  and  it  forms  a  solution  of  a 
thick  oily  consistence,  and  of  a  bitter  acrid  taste.  This  soki- 
iion,  which  is  strictly  muriate  of  lime,  deposits  crystals,  if  ex* 
posed  to  the  temperature  of  52°  Fahr.  These  crystals,  when 
mixed  with  fresh  fallen  snow,  produce  a  degree  of  cold  suffi- 
cient to  freeze  quicksilver,  as  already  stated  in  the  chapter  on 
eidoric.     They  contain,  according  to  Berzelius, 

Muriatic  acid 24.69 

Lime 25.71 

Water 49.60 

100. 
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It  is  probtibic,  however,  timt  this  determination  is  not  cor* 
Tcct,  for  if  the  acid  nnd  lime  be  in  atomic  proportion,  ibey  ought 
to  exist  in  this  salt  in  the  proportions  of  37  to  28,  which  nam* 
-bers  represent  the  weight  of  their  atoms;  whereas  the  ingre* 
<lients  of  muriate  of  lime,  as  stated  by  Berzeliiui,  are  nearly  in 
equal  weights. 

Iodide  of  calcium  is  obtained  by  evaporating  to  dryness  the 
liydrlodatc  of  lime,  and  strongly  heating  the  residue.  It  is  a 
white  fusible  compound. 

Sal/s,  6fc,  wiih  Base  of  Lime. 

Chhr'ide  of  Lime. — When  chlorine  gas  is  brought  into 
contact  with  proto-hydrate  of  lime,  which  has  been  passed 
through  a  fine  sieve,  the  gas  is  absorbed  with  rapidity,  and  with 
the  evohitiou  of  much  heat.  It  is  necessary,  indeed,  eidier  to 
pass  the  current  of  gas  very  slowly,  or  to  surround  the  vessel 
containing  the  lime  with  cold  water,  and  occasionally  also  to 
change  the  surface  of  the  h'nie  by  stirring  it.  When  the  hy- 
xlrate  has  taken  all  the  gas  that  it  is  capable  of  absorbing, 
there  remains  a  dry  white  powder,  of  considerable  importance, 
from  its  extensive  use  in  the  art  of  bleaching,  and  known  in 
commerce  by  the  names  oi  bleaching  powder ^  or  oxymurialeof 
lime. 

Tiiis  substance,  to  which  the  name  oi  suh-chloride  oflhrn\ 
JOT  sub'cldoride  of  hydraled  lime^  is  more  appropriate,  has  a 
faint  odour  of  chlorine,  and  a  penetrating  taste.  When  agi- 
tated with  water,  a  portion  is  dissolved,  varying  in  different 
specimens.  The  solution  of  a  sort  of  fair  commercial  quality, 
when  a  wine  gallon  of  water  had  been  made  to  act  U(x>n  a  pound 
of  the  salt,  I  found  had  the  specific  gravity  of  1 .035.  A  large 
residue  of  undissolved  matter  is  always  left,  which  consists  for 
ihe  most  part  of  hydrate  of  lime,  not  entirely  free,  however, 
from  chlorine,  the  smell  of  which  is  evolved  from  it  on  adding 
nn  acid.  The  solution  in  water  always  contains  an  excess  of 
lime,  and  does  not  actively  discharge  vegetable  colours,  till 
some  acid  is  added  to  disengage  the  lime  from  the  chlorine. 

Chloride  of  lime  exposed  to  heat  is  decomposed ;  a  small 
portion  of  chlorine  gas  and  some  water  first  come  over ;  and 
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on  raising  the  hent  to  upwards  of  600^,  oxygen  gas  is  evolved, 
by  the  action  of  the  chlorine  upon  the  calcium,  which  is  the 
base  of  the  lime.  For  every  50  cubic  inches  of  oxygen  that 
arc  obtained,  we  may  reckon  that  100  cubic  inches  of  chlorine 
(=  76t  grains)  have  united  with  calcium.  The  chloride  of 
lime  is  thus  converted  by  heat  into  chloride  of  calcium.  A 
similar  change  appears  to  take  place  by  long  keeping  at  ordi- 
nary temperatures;  for  the  salt  gradually  loses  its  bleaching 
)K)\ver.  When  fresh  prepared,  it  does  not  essentially  contain 
any  chloride  of  calcium,  or  muriate  of  lime ;  but  in  a  specimen 
which  had  been  kept  about  five  years,  Mr.  Dalton  found  30 
\ycT  cent,  of  that  salt,  the  chloride  of  lime  being  proportionally 
diminished. 

The  compositioQ  of  sub-cliloridcoflime  was  first  attentively 
examined  by  Mr.  Dalton.^  A  specimen  formed  by  exposing 
the  proto-hydrate  of  lime  to  chlorine  gas,  till  it  would  absorb 
no  more,  he  found  to  be  constituted  of 

Chlorine 23 

Lime 38 

Water 39 

100 

These  numbers,  indeed,  do  not  exactly  agree  with  any 
atomic  proportions ;  but  if  altered  a  little,  as  follows,  to  correct 
defects  in  the  analysis,  which  are  within  the  limits  of  possible 
error,  the  constitution  of  the  salt  would  cease  to  be  anomalous; 

VtZ. 

Chlorine  ....  2*.36   . . . .  =  1  atom    ....  36 

Lime •  38.54    . . . .  =  2  atoms  ....  56 

Water 37.10    =  6  atoms 54 

100.  146 

Each  atom  of  lime  appears,  therefore,  to  have  been  united 
(vitb  3  atoms  of  water,  or  to  have  been  in  the  state  of  trihi-.. 
Srate.  These  proportions  of  chlorine  and  lime  are  such  as  to 
iroiistitute  a  true  sub-chloride,  as  Mr.  Dalton  names  it ;  or  sub- 
Vtchloridej  as  it  has  been  called  by  Dr.  Thomson. 

*  Ann.  of  Phil.  i.  15,  and  ii.  6. 
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When  water  was  made  to  act  upon  the  sub-chloride,  Mr. 
Dalton  found  that  one-halfof  the  whole  lime  was  deposited. 
The  atom  of  chlorine,  therefore,  was,  in  the  solution,  engaged 
by  an  atom  of  base,  constituting  a  true  cidoride  of  lime.  This 
•compound  is  probably  not  capable  of  existing  long  in  solution, 
for  when  the  liquid  is  boiled  to  dryness,  dbloride  of  calciam 
is  the  product,  giving  muriate  of  lime  by  solution  in  water. 

In  this  view  of  the  constitution  of  chloride  of  lime,  Dr. 
Thomson*  and  M.  Welter f  for  the  most  part  agree;  excq)t 
that  they  assign,  to  the  dry  salt,  proportions  of  water  dificriag 
from  those  of  Mr.  Dalton.  Both  of  them  admit  that  a  ptr- 
tition  of  the  base  is  effected  by  solution,  and  that,  in  the  liquid, 
the  existing  compound  contains  an  atom  of  each  of  its  d&> 
men  Is. 

The  assay  of  sub-chloride  of  lime,  in  order  to  ascertain  id 
commercial  value,  has  been  effected  in  several  ways.  Mr.  Dalton 
first  proposed  detaching  the  gas  from  a  given  weight  either  of 
the  dry  or  liquid  compound,  over  mercury  in  a  graduated  tube, 
by  means  of  an  acid.  A  portion  of  the  chlorine  is  retained bj 
the  liquid,  which  may  be  estimated  at  twice  its  volume;  but 
no  sensible  error  is,  it  seems,  occasioned  by  the  action  of  the 
chlorine  on  the  mercury.  He  aflerwards  announced  what  he 
considers  as  an  improved  method,  viz,  the  successive  addition 
of  a  solution  of  the  chloride  to  a  solution  of  green  sulphate  of 
iron  (sp.  gr.  1.14-9)  till  the  smell  of  chlorine  is  developed. 
This  method,  however,  I  consider  as  greatly  inferior  to  tbi 
of  liberating  the  chlorine  by  an  acid.  To  effect  this,  without 
the  aid  of  a  mercurial  trough.  Dr.  Ure  has  contrived  an  in- 
strument described  in  the  Quarterly  Journal,  xiii.  21.  For  the 
purposes  of  the  artist,  I  believe,  however,  the  most  practicable 
method  will  be  found  to  be  the  test  of  solution  of  indigo  in 
sulphuric  acid.  It  may  be  of  such  strength  that  1600  parts* 
of  the  liquor  contain  one  of  indigo.  Of  this  solution  100  cubic 
inches  of  chlorine  =  76|  grains,  destroy  the  colour  of  1159*5 
cubic  inches,  or  10  grains  of  chlorine  discharge  the  colour  ol' 
152  cubic  inches  of  the  solution.  It  is  desirable  to  dilute  the 
solution  of  chloride,  so  that  its  volume  may^be  nearly  one-half 
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that  of  the  colour  test;  to  pour  the  former  into  the  latter 
slowly  and  nt  intervals,  stirring  the  mixture  well  after  each  ad- 
dition ;  and  in  making  several  comparative  experiments  to 
take  care  that  the  quality  of  the  test,  and  the  manner  of  pro- 
ceeding, shall  be  the  same  in  all.  It  cannot,  however,  be  pre- 
tended that  this  test  possesses  the  scientific  accuracy  attainable 
by  the  admeasurement  of  the  disengaged  chlorine,  which  alone 
is  to  be  depended  upon,  when  a  precise  analysis  is  required. 

Chlorate  of  lime  may  be  formed  by  acting  on  carbonate  of 
lime  with  chloric  acid.  A  deliquescent  compound  is  obtained, 
of  a  sharp  and  bitter  taste,  soluble  in  alcohol,  and  giving^ 
oxygen  gas  when  heated.  It  is  constituted,  according  to  Che- 
nevix,  of  55.2  acid  +  28.3  lime  +  16.5  water. 

lodale  of  lime  requires  for  solution  several  hundred  times  its 
weight  of  water.  When  exposed  to  a  strong  heat,  it  is  de- 
composed, oxygen  and  iodine  are  given  off;  and  the  base  re- 
mains. 

Hydriodafe  of  lime  is  deliquescent,  crystallizablcj  enters  into 
fusion  at  a  heat  a  little  below  redness,  and  is  converted  into 
iodide  of  calcium  in  close  vessels;  but  when  heated  with  the 
free  access  of  air,  much  of  the  iodine  is  separated,  and  a  sub^ 
iodide  of  calcium  remains. 

Nitrate  of  lime. 

This  salt  is  found  abundantly  in  the  cement  of  old  build- 
ii^;i,  which  have  been  long  inhabited.  To  prepare  it  arti- 
fickdly,  nitric  acid,  diluted  with  five  or  six  parts  of  water, 
may  be  saturated  with  carbonate  of  lime,  63  parts  of  which 
are  decomposed  by  90.23  of  nitric  acid  of  density  1.5,  and 
give  103.05  of  dry  nitrate  of  lime.*  When  this  solution  is 
boiled  down  to  the  consistence  of  syrup,  and  exposed  in  a 
cool  place^  long  prismatic  crystals  are  formed,  resembling^  in 
tbeir  disposition,  bundles  of  needles  diverging  from  a  common 
centre.  These  crystals  are  readily  soluble  in  water,  of  which, 
flt  60^,  they  require  two  parts,  and  boiling  water  dissolves 
«a  equal  weight.     They  cfeliquiate  speedily,  when  exposed  to 
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the  air ;  and  are  decomposed  at  the  temperature  of  ignitioo. 
Exclusive  of  water,  it  contains. 

Acid.         Base. 

According  to  Dalton 61.3         88.7 

PhiUips 65.6         S4.4 

When  a  solution  of  nitrate  of  lime  is  evaporated  to  drynos* 
in  an  earthen  vessel,  then  fused  for  five  or  ten  minutes  in  a 
crucible^  and  poured,  while  in  fusion,  into  an  iron  pot  pre- 
viously heated,  the  congealed  mass  forms  Baldwivts  phospkom. 
It  must  be  broken  into  pieces,  and  preserved  in  a  weli-eto|^ 
phial.  These  pieces,  after  having  been  exposed  to  the  sun  ibr 
a  few  hours,  emit  in  the  dark  a  beautiful  white  light,  afibrdiiig 
one  variety  of  solar  phosphorus. 

Carlxniale  of  lAme. 

Lime  has  a  strong  attraction  for  carbonic  acidj  but  not 
when  perfectly  dry ;  for  if  a  piece  of  dry  quicklime  be  passed 
into  a  jar  of  carbonic  acid  gas  over  mercury,  no  absorption 
whatever  ensues.  But  if  a  bottle,  filled  with  carboDic  sdd 
gas,  be  invert^  over  a  mixture  of  lime  and  water  of  the  con* 
sistence  of  cream,  a  rapid  absorption  will  be  observed,  ope- 
cially  if  the  bottle  be  agitated :  or  if  a  jar  or  bottle,  filled 
with  carbonic  ncid,  be  brought  over  a  vessel  of  lime  water, 
on  agitating  the  vessel,  a  rapid  diminution  will  ensue,  and  die 
lime  water  will  become  milky.  When  a  shallow  vessel  of 
lime  water  is  exposed  to  the  air,  a  white  crust  forms  on  tlie 
surface,  and  this,  if  broken,  falls  to  the  bottom,  and  issac- 
ceeded  by  another,  till  the  whole  of  the  lime  is  precipitated 
from  the  solution.  This  is  owing  to  the  absorption  of  caiixMUC 
acid  gas  from  the  air  by  the  lime,  which  is  thus  rendered  vor 
soluble  in  water.  Dry  lime,  also,  when  exposed  to  the  atBHK 
sphere,  first  acquires  moisture,  and,  having  become  a  hydrate^ 
next  absorbs  cnrbonic  acid.  In  a  sufficient  space  of  time,  all  the 
characters  distinguishing  it  as  lime  disappear,  and  it  acqoiics 
the  property  of  cfiervescing  with  acids.  The  strong  affiaitj 
of  lime  for  carlionic  acid  enables  it  to  take  this  acki  fitNft 
4>ther  substances.  Thus  carbonates  of  alkalis  arc  deoom- 
posed  by  lime.     Slake  a  given  quantity  of  lime  into  a  paile 
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with  water,  and  add  half  its  weight  of  carbonate  of  potassa  or 
soda.  Roil  the  mixture,  for  half  an  hour,  in  an  iron  kettle, 
and  separate  the  liquid  part  by  filtration  or  by  subsidence. 
The  carbonic  acid  combines  with  the  lime,  and  the  alkali  is 
obtained  in  a  state  of  solution  perfectly  free  from  carbonic 
acid.  This  is  the  ordinary  mode  of  depriving  the  alkalis  of 
carbonic  acid. 

Carbonate  of  lime  is  a  most  abundant  product  of  nature. 
In  the  forms  of  lime-stone,  marble,  and  chalk,  it  constitutes 
extensive  strata,  and  it  is  the  basis  also  of  calcareous  spar  and 
stalactites.  Carrara  marble  of  perfect  whiteness,  or,  for 
common  purposes,  chalk,  may  be  employed  to  exhibit  its  pro* 
perties. 

The  carbonic  acid  existing  in  carbonate  of  lime  is  expelled 
by  a  strong  red  heat.  If  distilled  in  an  earthen  retort,  car- 
bonic acid  gas  is  obtained,  and  lime  remains  in  the  retort  in 
a  pure  or  caustic  state.  By  this  process  carbonate  of  lime 
loses  about  45  per  cent. 

The  experiments  of  Sir  James  Hall  have  proved,  that  when 
the  escape  of  the  carbonic  acid  is  prevented  by  strong  pres- 
sure, carbonate  of  lime  is  fusible  in  a  heat  of  about  22°  of 
Wedgwood's  pyrometer.*  And  Mr.  Bucholz  has  lately  fused 
diis  substance,  by  the  sudden  application  of  a  violent  beat, 
without  additional  compression.f 

Carbonate  of  lime  is  decomposed  by  almost  all  acids. 
This  will  appear  if  upon  chalk  or  marble  contained  in  a  gas 
bottle  diluted  sulphuric  or  muriatic  acid  be  poured.  A  vio- 
lent effervescence  will  ensue,  owing  to  the  escape  of  carbonic 
acid  gas,  which  may  be  collected  over  water  or  mercury.  By 
a  little  modification  of  the  experiment,  the  quantity  of  car- 
bonic acid  expelled  from  the  carbonate  may  be  correctly  as- 
ecrtained.  Let  100  grains  of  the  carbonate  be  put  into  a 
Florence  flask,  with  an  ounce  or  two  of  water ;  place  this  in 
the  scale  of  a  balance ;  and  in  the  same  scale,  but  in  a  separate 
bottle,  about  half  an  ounce  of  muriatic  acid.  Add  the  muriatic 
acid  tor  the  carbonate  as  long  as  any  effervescence  is  produced, 
imdtfaenliiowoutthat  part  of  thedisengagedcarbonicacid,  which 
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remains  in  the  flask,  by  a  pair  of  bellows.  Ascertain,  by  adding 
weights  to  the  opposite  scale,  how  much  has  been  lost ;  suppose 
it  to  be  43.5  grains ;  this  shows  tiie  quantity  of  carbonic  acid 
disengaged.     Calcine  another  100  grains  in  a  covered  crucible. 
It  will  lose  rather  more  of  its  weight;  because,  besides  its  car- 
bonic acid,  all  the  water  is  expelled  which  it  may  contain. 
Let  this  loss  be  stated  at  45  grains ;  the  former  loss  deducted 
from  this  (45  -^43.5),  or  1.5  grains,  shows  the  quantity  of  water 
in  100  of  the  carbonate.     The  proportion,  however,  thus  dis- 
covered, is  so  small  that  it  may  be  considered  as  an  accidental 
ingredient.    Independently  of  water  it  is  constituted, 

Acid.  Base. 
According  to  Dr.  Wollaston,  of  ... .  43.7  56.$ 
-^— Berzelius  of. 43.6         56.4 

The  proportions  of  1  atom  of  lime  =  28,  +  1  atom  of 
acid  =  22,  would  require  that  it  should  consist  o( 

Acid 43.86    ....  100    ... .     78 

Lime 56.14    ....   128    ....  100 


•100. 

Carbonate  of  lime,  though  scarcely  dissolved  by  pure  water, 
is  soluble  in  water  saturated  with  carbonic  acid.  The  xaoA 
striking  method  of  showing  tins  is  the  following :  Add  to  a 
jar,  about  one-fourth  filled  with  lime  water,  a  very  small  qoan 
tity  of  water  saturated  with  carbonic  acid.  An  imyir^i^Kj 
milkiness  will  ensue,  because  the  carbonic  acid  forms  with  the 
lime  an  insoluble  carbonate.  Add  gradually  more  and  man 
of  the  water,  impr^nated  with  carbonic  acid,  shaking  the 
vessel  as  these  additions  are  made.  At  last  the  precipitate 
will  be  completely  re-dissolved.  Hence  it  appears  ^h^t  limc^ 
with  a  certain  proportion  of  carbonic  acid,  is  insoluble^  audi 
with  a  still  larger,  again  becomes  soluble  in  water.  By  hea^ 
ing  the  solution  of  lime  in  carbonic  acid,  we  do  not,  as  io  tiM 
case  of  alkaline  solutions,  obtain  a  bi-carbooate  of  lime^  wkack 
is  a  salt  still  unknown  ;  but  the  lime  is  thrown  down  io  the 
state  of  simple  carbonate,  and  the  excess  c(  carbonic  add 
Mcapes  into  the  atmosphere. 
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Borate  of  lime  mny  be  formed  by  adding  a  solution  of 
boracic  acid  to  lime  water.  The  resulting  compound  is  a 
white  tasteless  powder,  which  dissolves  very  sparingly  in  water. 

Fluate  of  lime, — There  is  a  natural  product,  well  known  in 
Derbyshire,  and  other  parts  of  the  world,  under  the  name  of 
fiwyr  spat'y  which  is  worked  into  a  variety  of  ornaments.  It 
most  commonly,  when  crystallized,  occurs  in  cubes,  but  its 
primitive  form  is  an  octohcdron.  Its  specific  gravity  is  3.15. 
It  is  perfectly  tasteless  and  insoluble  in  water.  When  thrown 
in  powder  upon  a  plate  of  iron  heated  below  redness  in  a  dark 
place,  it  emits  a  phosphorescent  light.  Concentrated  sul- 
phuric acid  occasions  an  effervescence  by  expelling  fluoric  acid 
gas.  Berzelius  considers  it  as  a  compound  of  100  fluoric  acid 
+  258.9  lime.*  In  strictness,  however,  it  is  to  be  regarded  as 
a  fluoride  of  calcium^  and  its  composition  is  probably  100 
fluorine  +  131.25  calcium. 

Phosphuret  of'  lime  is  prepared  as  fallouts  : — Take  a  glass 
tube,  about  12  inches  long,  and  one-third  of  an  inch  diameter, 
sealed  hermeticallv  at  one  end.  Let  this  tube  be  coated  with 
day,  except  within  about  half  an  inch  of  the  sealed  end.  Put 
first  into  it  a  drachm  or  two  of  phosphorus,  cut  into  small 
pieces,  and  then  fill  the  tube  with  small  bits  of  fresh  burnt 
lime,  of  the  size  of  split  peas.  Stop  the  mouth  of  the  tube 
loosely  with  a  little  paper,  in  order  to  prevent  the  free  access 
of  air. — Next,  hear  to  redness  that  part  of  the  tube  which  is 
coated  with  clay,  by  means  of  a  chafing-dish  of  red-hot  char- 
coal ;  and,  when  the  lime  may  be  supposed  to  be  ignited,  apply 
heat  to  the  part  containing  the  phosphorus,  so  as  to  sublime  it, 
and  to  bring  the  vapour  of  it  into  contact  with  the  heated  lime* 
The  lime  and  phosphorus  will  unite,  and  will  afford  a  com- 
ponnd  of  a  reddish-brown  colour. 

If  the  carbonate  of  lime  be  substituted  for  pure  lime,  the 
earbonic  acid  is  decomposed.  Its  carbon  is  set  at  liberty,  and 
qppears  m  the  state  of  charcoal ;  while  its  oxygen  unites  with 
Ike  phosphoms;  and  the  phosphoric  acid,  thus  produced^ 
firms  phosphate  of  lime.  In  this  process^  discovered  by  the- 
late  Mr.  Tennant,  carbonic  acid  is  decomposed  by  the  con* 
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spiring  affinities  of  phosphorus  for  oxygen,  and  of  lime  for 
phosphoric  acid)  though  the  former  affinity  only  would  be 
inadequate  to  produce  the  effec%. 

The  phosphuret  of  lime  has  the  remarkable  property  of  de- 
composing water  at  the  common  temperature  of  the  atmo- 
sphere ;  and  the  water  afterwards  contains  phosphite,  or  hypo- 
phosphite,  not  phosphate,  of  lime.*  Drop  a  small  piece  of 
it  into  a  wine-glass  of  water,  and  in  a  short  time  bubbles  of 
phosphuretcd  hydrogen  gas  will  be  produced  ;  whidi,  rising 
to  the  surface,  will  take  fire,  and  explode.  If  the  phosphuret 
of  lime  be  not  perfectly  fresh,  it  may  be  proper  to  warm  the 
water  to  which  it  is  added. 

Into  an  ale-glass  put  one  part  of  phosphuret  of  lime,  ia 
pieces  about  the  size  of  a  pea  (not  in  powder),  and  add  to 
it  half  a  part  of  chlorate  of  potassa.  Fill  the  glass  with  wtter, 
and  put  into  it  a  funnel,  with  a  long  pipe,  or  narrow  glasi 
tube,  reaching  to  the  bottom.  Tlirough  this  pour  three  or 
four  parts  of  strong  sulphuric  acid,  which  will  decompose  the 
dilorate;  and,  the  phosphuret  also  decomposing  tlie  water  it 
tlie  same  time,  flashes  of  fire  dart  from  the  surface  of  the 
fluid,  and  the  bottom  of  the  vessel  is  illuminated  by  a  beau- 
tiful green  light.     (Davy). 

Phoiphi/e  and  hypo-phosphite  of  lime  have  not  been  particu- 
larly examined. 

Plwsphale  of  Ume  derives  importance  from  its  being  the 
principal  ingredient  of  animal  bones,  of  which  it  constitutes 
about  86  per  cent.  It  may  be  obtained  by  dissolving  bones, 
which  have  been  well  calcined  and  then  pulverized,  in  dilute 
muriatic  acid,  and  precipitating  the  solution  with  pure  anuno- 
nia.  The  precipitate,  when  sufficiently  edulcorated,  is  pko^ 
phate  ofl'imc^  an  insipid  white  powder,  insoluble  in  water,  but 
soluble  in  diluted  nitric,  muriatic,  and  acetic  acids,  and  aguin 
precipitable,  unaltered,  from  those  acids  by  caustic  ammonia. 
At  a  high  temperature,  it  fuses  into  an  opake  white  eoaoieL 
It  is  constituted,  according  to  Mr.  Dal  ton's  experiments,  of 
49  acid  +  51  lime,  proportions  which  authorize  us  to  consider 
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phosphate  of  lime  as  consisting  of  1  atom  of  acid  =  38,  +  X 
atom  of  base  =.28,  the  compound  atom  being  56. 

Bi'phosphate  of  lime  may  be  formed  by  digesting  phosphate 
of  lime  with  a  quantity  of  phosphoric  acid  equivalent  to  that 
already  engaged  in  the  salt.  The  solution  has  an  acid,  and 
somewhat  harsh  and  disagreeble  taste.  It  does  not  crystallize^ 
but  forms,  when  evaporated,  a  white  mass,  which  attracts 
moisture  from  the  air.  Before  the  blow-pipe  it  melts  into  a 
transparent  glass,  insoluble  in  water. 

Tri-phosphate  of  lime. — This  salt,  according  to  Mr.  Dalton, 
may  be  formed  by  adding  pure  phosphoric  acid  to  lime  water, 
till  a  commencement  of  precipitation  appears,  when  the  solu* 
iion  must  be  cleared  by  a  drop  or  two  of  acid.  If  the  solution 
be  evaporated  to  dryness  at  a  moderate  heat,  and  then  dis* 
solved  in  water  again,  simple  phosphate  of  lime  remains,  and 
a  qnadri-phosphate  exists  in  the  solution. 

Quadri'phosphaie  of  lime. — If  100  parts  of  phosphate  of  lime 
•be  digested  for  2\  hours  with  87  parts  of  sulphuric  acid»  di* 
luted  with  a  sufficient  quantity  of  water,  and  be  then  filtered, 
die  liquid  which  passes  through  contains  the  whole  of  the 
l^osphoric  acid,  with  only  oite-fourth  of  the  lime  which  exist* 
ed  ill  the  original  salt,  the  remaining  ^ths  having  formed  an 
insoluble  compound  with  the  sulphuric  acid.  The  dissolved 
salt  is,  therefore,  a  compound  of  ]  atom  of  lime  =  28,  +  4* 
atoms  of  acid  =112.  When  evaporated,  it  forms,  on  cooling, 
pearly  scales,  which  have  an  acid  taste,  and  dissolve  readily 
in  water,  giving  a  solution  of  the  sp.  gr.  I.**.  When  dried 
and  fused  in  a  crucible,  a  transparent  glass  is  obtained,  com* 
monly  called  glacial  phosphoric  acid^  and  employed  chiefly  in 
the  production  of  phosphorus. 

Oclo-phosphaie  of  lime.— Mr.  Dalton  is  of  opinion  that  a 
compound  of  8  atoms  of  acid  and  1  atom  of  lime  is  the  true 
result  of  the  process  described  under  the  last  head ;  and  that 
4k  compound  of  as  many  as  12  atoms  of  acid  with  one  of  lime 
may  exist,  forming  a  dodeca phosphate. 

Sulphurel  of  lime  may  be  formed  by  heating,  in  a  covered 
crucible,  one  part  of  sulphur  and  two  of  lime.  This  com- 
|>ound  can  exist  as  such,  only  when  in  a  soFid  state,  for  water 
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decomposes  it,   and  sulphnreted  hydrogen   results  from  its 

action. 

Hydro^sulphuret  of  lime  is  obtained  by  transmitting  a  cur- 
rent of  sulphnreted  hydrogen  gas  through  water  in  which  lime 
is  kept  mechanically  suspended.  It  is  crystallizable,  and  the 
crystals  are  colourless  and  readily  soluble  in  water. 

Hydrogureted  stdphuret  of  lime  is  formed  whenever  thesul- 
phuret  is  dissolved  in  water,  or  by  boiling  together  three  parts 
of  hydrate  of  lime,  one  of  sulphur^  and  ten  of  water.  The 
compound  has  a  deep  orange  colour,  and  derives  importance 
from  its  use  as  an  eudiometrical  test.  From  the  experiments 
of  Vauquelin,  it  seems  probable  that  it  is  subject  to  a  variety 
in  its  proportions,  and  to  corresponding  diflferences  in  its  pro- 
perties.    (Ann.  de  Chim.  et  Phys.  vi.  89.) 

Mr.  Herschell,  by  boiling  S  parts  of  hydrate  of  lime  with 
one  of  sulphur  and  20  of  water,  and  allowing  the  solution  to 
cool  on  the  sediment,  obtained  crystals,  which,  when  dried  by 
sulphuric  acid  under  an  exhausted  receiver,  had  the  shape  of 
quadrilateral  prisms  somewhat  elongated  veith  dihedral  som- 
xnits.  They  dissolved  sparingly  in  cold  water;  the  solution 
had  only  the  sp.  gr.  of  1.0105,  was  yellow,  and  had  an  acrid 
sulphurous  taste.  The  crystals  are  constituted  of  2  atomi  of 
lime,  two  of  sulphur,  +  one  of  hydrogen,  (forming  bisd* 
phureted  hydrogen,)  and  four  of  water.  When  these  crj'stak 
are  ground  with  sulphurous  acid,  its  smell  disappears,  and 
hyposulphite  of  lime  is  formed. 

Hyposulphite  of  //m^.— By  passing  a  current  of  sulphurous 
acid  gas  through  a  solution  of  the  hydrogureted  sulphurct  of 
lime,  the  whole  of  the  acid  gas  is  converted  into  hypo- 
sulphurous  acid.  When  this  solution  is  boiled  down  to  a 
certain  degree  of  consistence,  sulphur  and  sulphite  of  lin»e 
separate  abundantly.  The  solution,  evaporated  at  a  tempert* 
ture  not  exceeding  130°  or  at  most  140®  Fahr.,  and  filtered 
while  hot,  yields  on  cooling  large  and  very  beautiful  cryttaii} 
which  afiect  a  variety  of  complicated  forms. 

These  crystals  are  hypo^sulphite  of  lime.  They  arc  veiy 
soluble  in  water,  which,  at  37°  Fahr.  dissolves  nearly  its  own 
'weight,  during  which  the  thermometer  fiilb  to  31°.    Tte 
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tpedfic  gravity  of  the  solution,  saturated  at  50^  is  1 .300.  The 
crystals  are  not  altered  by  exposure  to  air  of  the  usual  hu- 
midity; but  when  dried  by  sulphuric  acid  in  vacuo,  or  at  100^ 
Fahr.  in  the  air,  they  become  covered  with  a  white  eflBo- 
rescence,  which  destroys  their  lustre  without  altering  their 
figure.  They  arc  insoluble  in  alcohol  of  sp.  gr.  0.823,  which 
precipitates  them  from  their  watery  solution.  By  an  analysis 
very  carefully  and  skilfully  conducted,  Mr.  Herschell  found 
them  to  be  composed  of 

Atoms. 
Hypo-sulphurous  acid  ....  36.71   =  2  =   48 

Lime 21.71    =    1   =   28 

Water 41.58   =   6  =   5i: 


100.  130. 

Or  they  consist  (exclusive  of  water)  of  two  atoms  of  acid 
united  with  one  of  base,  the  acid  being  composed  of  oxygen 
and  sulphur  atom  to  atom.  (Edinburgh  Phil.  Journ.  i.  17^ 
In  strictness,  therefore,  this  salt  is  a  hin-hyposulphite. 

Sulphite  of  lime  may  be  obtained  by  passing  a  current  of 
milphurous  acid  through  water  in  which  carbonate  of  lime  is 
kept  mechanically  suspended.  If  the  sulphurous  acid  be  in 
excess,  the  resulting  salt  is  soluble,  and  its  solution,  when 
evaporated,  crystallizes  on  cooling  in  six-sided  prisms,  termi- 
nated by  long  six-sided  pyramids.  It  is  at  first  almost  tasteless^ 
but  when  kept  in  the  mouth  has  a  sulphureous  flavour.  It 
jpequires  for  solution  about  800  parts  of  water.  By  exposure 
to  the  air,  the  surface  of  the  crystals  is  changed  into  sulphate 
of  lime,  and  the  same  conversion  is  rapidly  effected  by  heating 
it.    It  is  constituted  of 

Acid 54.29 

Lime -. . .  45.71 


100. 
Sulpliaie  of  Lime. 

Sulphate  of  lime  may  be  formed,  by  adding  to  the  car- 
lionate  a  snfiicient  quantity  of  sulphuric  acid ;  and  by  gently 
Cfilr'nmg  the  fesidu^  to  expel  the  redundancy  of  the  latter 
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acid.     It  is  also  foand  native,  in  great  abundance,  nnder  the 
iiames  of  g}rpsum,  plaster  oF  Paris,  &c. 
It  has  the  following  properties : 

1.  It  is  insipid  and  free  from  smell. 

2.  It  is  difficultly  soluble,  requiring  500  times  its  weight  of 
cold  water,  or  450  of  hot  water. 

S.  It  is  fiisible  by  a  moderate  heat.  When  sulphate  of 
iime,  which  has  been  dried  at  160°  Fahrenheit,  is  exposed  to 
a  low  red-heat,  100  grains  lose  22  according  to  Benselios 
or  21  according  to  Bucholz,  consisting  entirely  of  water. 
After  calcination,  it  absorbs  water  rapidly,  and  forms  a  good 
cement. 

4.  It  is  decomposed  by  alkaline  carbonates,  a  double  ex- 
change of  principles  ensuing.  Hence  the  milkiness  which 
ensues  on  adding  carbonate  of  potassa  to  many  spring  waters; 
(he  carbonate  of  lime,  which  is  generated,  being  less  soluble 
than  the  sulphate.  Hence,  also,  hard  waters,  which  alwajs 
•contain  sulphate  of  lime  in  solution,  curdle  soap,  tlie  aikiii 
of  which  is  detached  by  the  sulphuric  acid,  and  the  oil  is  set 
^  liberty. 

5.  It  is  decomposed  by  ignition  with  charcoal,  which  sepa- 
rates the  oxygen  of  the  sulphuric  acid,  and  leaves  a  combiDa- 
tion  of  lime  with  sulphur. 

By  dissolving  100  grains  of  calcined  sulphate  of  lime  in 
boiling  distilled  water,  and  adding  muriate  of  barytes,  I  ob- 
tained a  precipitate,  which,  when  well  washed,  dried,  and 
i^alcined  in  a  low  red-heat,  weighed  175.9.  Hence  100  parti 
of  calcined  sulphate  of  lime  must  contain  very  nearly 

Acid.  Base. 

According  to  the  above  experiment ....  59       ...  41 

Thomson  and  Berzelius . .  58       ...  42 

Kloprotli 57.63  . . .  42.37 


--  Dalton 58.60 . . .  41.40 


It  consists,  therefore,  of  an  atom  of  lime  =  28,  united 
^ith  an  atom  of  acid,  =z  40,  and  its  equivalent  number 
is  68. 

Seleniale  of  lime. — Selenic  acid  is  capable  of  uniting  «itb 
Jime  in  two  diflerent  proportions!,  forming  a  scleniateaod* 
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Uselcniate ;  but  these  salts  have  no  particularly  interesting 
properties. 

Ferro-cyanate  of  lime. — This  compound)  which  is  useful  ns 
a  test  of  iron,  may  be  formed  by  adding  powdered  prussian 
blue  to  lime  water,  till  the  lime  no  longer  alters  paper  stained 
with  turmeric.  If  this  effect  be  still  slightly  produced,  a  little 
more  prussian  blue  may  be  added,  and  the  mixture  boiled  a 
short  time  and  filtered.  The  filtered  liquor  has  a  greenish 
yellow  colour,  and  an  unpleasant  bitterish  taste.  Its  specific 
gravity  is  1.005.  When  evaporated,  it  yields  small  crystal- 
line grains,  which  dissolve  sparingly  iu  water,  and  are  insoluble 
in  alcohol. 


SECTION  V. 

Barium, 

Barium  was  obtained  by  Sir  H.  'Davy  by  distilling  its 
amalgam,  which  had  been  formed  in  the  following  manner.  A 
quantity  of  native  carbonate  of  baryta  was  made  into  a  paste 
ivith  water,  and  placed  on  a  tray  of  platinum ;  a  cavity  was 
made  in  the  paste  to  receive  a  globule  of  mercury,  which  was 
rendered  negative,  at  the  same  time  that  the  platinum  was 
made  positive  by  means  of  a  Voltaic  batter}*,  containing  about 
100  double  plates.  In  a  short  time,  an  amalgam  was  formed 
consisting  of  mercury  and  barium.  This  amalgam  was  in- 
troduced into  a  little  tube  made  of  glass  fi*ee  from  lead, 
which  was  bent  into  the  shape  of  a  retort,  then  filled  with 
the  vapour  of  naphtha,  and  hermetically  sealed.  Heat  was 
then  applied  to  the  tube,  till  all  the  mercury  was  driven  off. 

The  residuum  of  this  distillation  was  a  dark  grey  metal, 
with  a  lustre  inferior  to  that  of  cast  ii'on.  At  the  ordinary 
temperature  of  the  air  it  remained  a  solid ;  but  became  fluid 
at  a.  heat  below  redness.  It  did  not  rise  in  vapour,  till 
heated  nearly  to  redness,  and  then  acted  violently  upon  the 
glass. 

When  exposed  to  the  air,  this  substance  rapidly  tarnisbedt 
and  fdl  into  a  white  powder,  which  was  baryta.    When  this 
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process  was  conducted  in  a  small  portion  of  air,  the  oxygen 
was  absorbed  ;  and  the  nitrogen  remained  unaltered.  A  por- 
tion of  it  thrown  into  water  acted  upon  it  with  great  violence, 
and  sank  to  the  bottom,  producing  baryta,  and  evolving 
hydrogen  gas. 

The  quantities  obtained  were  too  minute  for  an  examination 
either  of  its  physical  or  chemical  qualities.  It  sank  rapidly 
in  water,  and  even  in  sulphuric  acid,  though  surrounded  by 
globules  of  hydrogen  equal  to  two  or  three  times  its  volume. 
Hence  it  is  probable  that  it  cannot  be  less  than  four  or  fiie 
times  as  heavy  as  water.  It  was  flattened  by  pressure,  but 
required  considerable  force  for  this  effect. 

llie  proportion  of  the  components  of  baryta  Sir  H.  Davy 
deduces  to  be  89.7  barium  and  10.3  oxygen  per  cent.  The 
determination  of  Berzelius  nearly  agrees  with  this^  viz. 

Barium 89.52 100.00 

Oxygen 10.48 1 1.69 


100.  111.69 

If  then  the  protoxide  of  barium  be,  as  is  most  probable, 
composed  of  an  atom  of  the  metal  united  with  an  atom  of 
oxygen,  the  atom  of  barium  will  be  represented  by  69.6,  ibr 
10.3  :  89.7  ::  8  :  69.6.  In  round  numbers  70  may  betaken 
as  the  equivalent  of  barium  and  78  of  baryta. 

Baryta  may  be  obtained  for  experimental  purposes  from 
the  nitrate  or  carbonate  of  that  earth  in  the  manner  which 
will  presently  be  described.  It  exhibits,  when  pure^  the 
following  properties. 

1 .  Baryta,  in  a  pure  form,  has  a  sharp  caustic  taste;  dNingei 
vegetable  blue  colours  to  green ;  and  serves  as  the  intermedion 
between  oil  and  water.  In  these  respects,  it  bears  a  strong 
resemblance  to  alkalis. 

2.  When  exposed  to  the  flame  of  the  blow-pipe  on  <te^ 
coal,  it  melts;  boils  violently;  and  forms  small  globules,  which 
sink  into  the  charcoal.  After  being  kept  in  fusion  in  a  crs* 
cible  during  ten  minutes,  it  still,  according  to  Berthollet,  cob- 
tains  9  per  cent,  of  water;  from  theory  it  should  cootlun  10i9 
per  cent.    This,  however,  is  true  only  of  barytes  which  hsi 
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been  obtained  from  the  carbonate,  by  a  process  to  be  described 
beraafter.  Baryta,  procured  by  decomposing  the  nitrate  of 
that  earth,  is  not  fusible,  and  appears  to  contain  little  if  any 
water.* 

d.  If  a  small  quantity  of  water  be  added  to  recently  pre- 
pared baryta,  it  is  absorbed  with  great  rapidity ;  prodigious 
heat  is  excited ;  and  the  water  is  completely  solidified,  a  sort 
of  hard  cement  being  obtained.  A  little  more  water  converts 
this  mass  into  a  light  bulky  powder ;  and,  when  completely 
covered  with  water,  the  baryta  is  dissolved.  Boiling  water 
should  be  employed  for  this  purpose;  unless  sufficient  tem- 
perature has  been  produced,  by  the  sudden  addition  of  the 
whole  quantity  necessary  for  solution. 

4.  When  the  solution,  prepared  with  boiling  water,  ig 
allowed  to  cool  slowly,  it  shoots  into  regular  crystals.  These 
have  the  form  of  flattened  hexagonal  prisms,  having  two  broad 
sides,  with  two  intervening  narrow  ones;  and  terminated,  at 
each  end,  by  a  quadrangular  pyramid.  They  lose,  according 
to  Bucholz,  half  their  weight  of  water  in  a  red  heat ;  the 
baryta  then  continues  fused,  and  parts  with  no  more  water, 
though  still  combined  with  the  proportion  above  stated.  Mr. 
Dalton,  from  his  experiments,  infers  that  the  crystals  contain 
80  baryta  and  70  water  per  cent,  which  would  make  them 
coDsbt  of  1  atom  of  baryta  +  20  atoms  of  water. 

5.  The  crystals  are  so  soluble,  as  to  be  taken  up,  when . 
heated,  merely  by  their  own  water  of  crystallization.  When 
exposed  to  a  stronger  heat,  they  swell,  foam,  and  leave  a  dry 
white  powder,  amounting  to  about  47  parts  from  100  of  the 
crystals.  This  again  combines  with  water  with  great  heat  and 
violence.  At  60^  of  Fahrenheit,  an  ounce  measure  of  water 
dissolves  only  25  grains  of  the  crystals,  i.  e.  they  require  for 
solution,  17-^  times  their  weight  of  water.  Exposed  to  the 
atmosphere,  they  effloresce,  and  become  pulverulent. 

6.  When  added  to  spirit  of  wine,  and  heated  in  a  spoon 
over  a  lamp,  they  communicate  a  yellowish  colour  to  its  flame. 

7.  The  specific  gr»vity  of  this  earth,  according  to  Four- 
croy,  is  4 ;  but  Hassenfratz  sUtes  it  at  only  2.374.     The 
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former  account,  however,  is  the  more  probable.  All  its  oom- 
binations  have  considerable  specific  gravi^;  and  henoe  its 
name  is  derived,  viz.  from  the  Greek  word  fimfly^f  signifying 
heavy. 

8.  Baryta  docs  not  unite  with  any  of  the  allcalies. 

Peroxide  of  Bariunu 

Barium  has  been  shown,  by  Gay  Lussac  and  Thcnard,  lo 
be  capable  of  uniting  with  an  additional  atom  of  oxygen  Xo 
that  contained  in  baryta ;  for  when  that  earth,  prepared  from 
the  nitrate^  was  ignited  in  oxygen  gas,  the  gas  was  rapidly 
absorbed,  and  a  grey  compound  was  formed,  glazed  on  its 
outer  surface.     This  compound  may  be  called  deuioxide  of 
peroxide  of  barium  ;  and  it  appears  to  be  constituted  of  one 
atom  of  the  metal  =  70,  +  2  atoms  of  oxygen  =16,  toge- 
ther 86.    To  prepare  the  peroxide,  Thenard  recommends 
that  the  nitrate  of  baryta  be  ignited  in  a  retort  of  white  porce- 
lain (one  of  Wedgwood's  ware  is  well  adapted  to  (he  po^ 
pose)  till  oxygen  gas  ceases  to  be  evolved.     The  product, 
hastily  broken  into  fragments  about  the  size  of  a  hazle  not,  is 
to  be  put  into  a  well-luted  green  glass  tube,  which  is  to  be 
placed  horizontally  in  a  furnace,  nnd  heated  to  dull  redness. 
A  current  of  oxygen  gas,  dried  by  having  first  been  pasfed 
over  quicklime,  is  then  to  be  transmitted  through  the  tube, 
and  continued  10  or  15  minutes.  The  gas  is  rapidly  absorbed, 
and  a  greyish  white  substance  obtained,  which  is  the  penaidr, 
the  compound  employed  by  Thenard  in  giving  an  additional 
proportion  of  oxygen  to  water.  (See  page  262.) 

Chloride  of  Barium. 

Chloride  of  barium  may  be  formed  by  heating  pure  baryta 
In  chlorine  gas,  each  measure  of  which  disengages  half  a  mea- 
sure  of  oxygen  gas  from  that  earth.  Or  when  baryta  is  hestfti 
in  muriatic  acid  gas^  the  gas  disappears,  and  the  chloride,  whidi 
is  produced,  becomes  red  hot  But  for  purposes  of  experi- 
ment, this  salt  is  best  prepared,  by  dissolving  either  tlie  arti- 
ficial or  native  carbonate  in  muriatic  acid  much  diluted;  or, 
if  neither  of  these  can  be  had,  the  sulphurct.  The  iron  and 
lead,  which  are  occasionally  dissolved,  along  with  the  baiTta, 
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maj  be  separated  by  the  addition  of  a  small  quantity  of  liquid 
aoBDonia^  or  by  boiling  and  stirring  the  solution  in  contact 
with  a  little  lime;  or,  which  is  still  better,  by  solution  of  baryta 
in  water.  When  filtered  and  evaporated,  the  solution  yiekli^ 
regular  crystals,  which  have  most  commonly  the  shape  of 
tables,  bevelled  at  the  edges,  or  of  eight-sided  pyramids,  ap* 
plied  base  to  base.  These  crystals  dissolve  in  five  parts  of 
water,  at  60%  or  in  a  still  smaller  quantity  of  boiling  water; 
and  also  in  alcohol.  They  are  not  altered  by  exposure  to  the 
atmosphere ;  nor  are  they  decomposed,  except  partially,  by  a 
high  temperature.  The  sulphuric  acid  separates  the  muriatic; 
and  the  salt  is  also  decomposed  by  alkaline  carbonates  and 
sulphates. 

fifty  grains  of  chloride  of  barium  first  ignited,  and  therr 
dissolved  and  precipitated  by  nitrate  of  silver,  give,  according 
to  Berzelius  68  grs.  of  luna  cornea.  The  dry  salt  Sir  H.  Davy- 
considers  as  a  compound  of  1  atom  of  barium  =  70  +  1 
atom  of  chlorine  =  36 ;  hence  its  representative  number  is 
J  06,  and  it  consists  of 

Chlorine 34 

Barium 66 

100 
Muriate  of  baryta,  formed  by  the  action  of  water  on  the. 
^hloride^  must  therefore  be  constituted  of  1  atom  of  muriatic 
acid  =  379  +  1  atom  of  baryta  =  78,  and  its  equivalent  must 
be  115.    Hence  it  should  consist,  when  crystallized,  of 

Acid 27.82  =   1  atom 

Baryta 58.47  =   1  atom 

Water 1371   =  2  atoms 

100. 
These  numbers  do  not  exactly  agree  with  the  experimental 
fesalts  of  Aikin  and  Berzelius,  which  state  its  composition 
as  follows  r 

Acid.  Base.  Water.. 

According  to  Mr.  Aikin  ....  22.93 62.47  ....  14^5 

Berzelius.......  23.35  ....  61.85  ••••  14.S 

The  andiysisy  therefore^  requires  to  be  attentively  repeated. 
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Chioraie  of  Baryta. — To  prepare  this  salt,  chlorine  fgm 
must  be'  received  into  a  warm  solution  of  baryta  in  water,  4U 
the  baryta  is  saturated.    The  solution  is  to  be  filtered,  and 
boiled  with  phosphate  of  silver,  which  decomposes  the  com- 
mon muriate  of  baryta,  and  at  the  same  time  composes  two 
insoluble  salts,  phosphate  of  baryta,  and  chloride  of  silver. 
Vauquelin  finds  the  addition  of  acetic  acid  recommended  bj 
Chenevix,  objectionable,  and  that  the  compounds  of  chkrie 
acid  are  liable,  if  acetic  acid  has  been  employed,  to  detonate 
violently  when  heated.    To  judge  when  enough  of  the  phos- 
phate of  silver  has  been  used,  add  to  a  portion  of  the  filtered 
liquor,  a  few  drops  of  nitrate  of  silver,  which,  in  that  ctsi^ 
ought  not  to  disturb  its  transparency.   If  too  much  phosphito 
i^  silver  has  been  used,  a  drop  or  two  of  muriatic  add  will 
discover  it,  and,  in  that  case,  the  cautious  addition  most  be 
made  of  some  of  the  original  solution,  set  apart  for  the  pnr- 
pose,  to  which  no  phosphate  of  silver  has  been  added.    It  ii 
firom  solution  of  chlorate  of  baryta,  thus  carefully  prepsndl 
that  chloric  acid  is  obtained  by  the  interv^ition  of  snlphurie 
acid,  as  described  page  219. 

Chlorate  of  baryta  has  the  form  of  four-sided  prisms;  iti 
taste  is  pungent  and  austere;  it  requires  for  solution  abost 
four  times  its  weight  of  water,  at  50^  Fahrenheit ;  and  its 
solution,  when  pure,  is  not  precipitated  either  by  nitrite  of 
silver  or  muriatic  acid.  By  a  red  heat»  it  loses  39  per  oeoti 
and  the  residue  is  alkaline.  From  calculation  it  should  con- 
sist, besides  water,  of 

1  atom  of  baryta 78 50.6 

1    do.    of  chloric  acid. ...    76.    •  •  •  •  49.4 

154.  100. 

Iodide  of  barium  may  be  formed  by  evaporating  and  igniting 
the  hydriodate  of  baryta.  The  hydrogen  of  the  acid  goiltf 
with  the  oxygen  of  the  earth,  and  the  iodine  with  its  meuUic 
base. 

Hydriodate  of  baryta  is  extremely  soluble  in  water,  and 
rather  deliquescent.  It  crystallizes  in  very  smaB  prisms^ 
are  decomposed  by  mere  exposure  to  the  atmaphen 


wat^r,  a  salt  with  excess  of  iodine,  and  carbonate  of  baryta* 
When  ignited  in  close  vessels,  it  is  converted  into  iodide  of 
barium.     It  is  constituted  of  100  acid  +  60.62  baryta. 

lodale  of  baryla  is  an  extremely  insoluble  salt.  It  may  be 
formed  by  adding  iodine  to  solution  of  baryta,  from  which  the 
iodate  precipitates  in  the  state  of  a  white  powder,  and  may  be 
ednlcorated  by  wnshing  with  distilled  water.  When  strongly 
heated,  oxygen  and  iodine  are  evolved  from  it,  and  baryta 
remains.     It  consists  of  100  acid  +  46.34  base. 

Nitrate  of  Baryta, 

Nitrate  of  baryta  may  be  prepared,  by  dissolving  either 
the  artificial  or  native  carbonate  in  nitric  acid,  diluted  with 
eight  or  ten  parts  of  water.  If  the  artificial  carbonate  be 
employed,  it  should  be  previously  well  washed  with  distilled 
water,  till  the  washings  cease  to  precipitate  nitrate  of  silver.  A 
solution  of  nitrate  of  baryta,  mixed  with  one  of  nitrate  of  silver, 
should  continue  perfectly  transparent.  On  evaporation,  it 
yields  regular  octahedrons,  often  adhering  to  each  other  in 
the  form  of  stars ;  and  sometimes  it  is  obtained  in  small  bril- 
liant plates.  It  requires  for  solution  12  times  its  weight  of 
water  at  60%  and  three  or  four  parts  of  boiling  water.  It  is 
not  altered  by  exposure  to  the  air.  In  a  red-heat,  its  acid  is 
decomposed,  and  the  earth  remains  pure.  This  furnishes 
another  method  of  procuring  pure  baryta ;  but  the  heat  must 
not  be  carried  too  far,  otherwise  the  baryta  is  apt  to  vitrify 
with  the  crucible.  The  residue,  on  the  addition  of  water, 
dissolves  with  great  heat  and  noise,  and  the  solution,  on  cool- 
ing, yields  crystals  of  pure  baryta. 

Nitrate  of  baryta  consists  of 

Acid.  Base. 

According  to  Clement  and  Desormes.  .40        ....  60 

Mr.  Jas.  Thomson 40.7     ....  59  3 

Berzelius 41.54  ....  58.46 

If  a  compound  of  1  atom  of  acid    +    1   atom  of  base,  it 
should  consist  of 

Baryta 78 58.9i 

Nitric  acid 54 41 .06 

133.  100. 

VOL.  I.  2  P 
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Cttrkmale  of  Baryta. 

Pure  baryta  has  a  very  )K)werriil  affinity  for  carbonic  acid, 
as  may  be  shown  by  exposing  a  solution  of  the  earth  in  water 
to  tlic  atmosphere.     It  will  soon  l>e  covered  with  a  tliiu  white 
pellicle;  which,  when  broken,  will  fall  to  the  bottom  of  the 
Tesscl,  and  be  snccceded  by  another.    Hiis  may  be  continued, 
till  the  whole  of  the  baryta  is  separated.     The  effect  arises 
from  the  absorption  of  carl>onic  acid,  which  forms  with  baryta 
a  compound,  viz.  carbonate  of  baryta,  much  less  soluble  than 
the  pure  earth.     Or  if  the  air  from  the  lungs  be  blown  by 
means  of  a  quill,  or  glass  tube,  through  1a  solution  of  baryta, 
the  solution  will  immediately  become  milky,  in  consequence 
of  the  production  of  an  insoluble  carbonate.     The  same  eflect 
will  bo  produced  by  mingling,  with  a  solution  of  pure  bantfl, 
n  little  water  impregnated  with  carbonic  acid.     In  this  case, 
also,  an  immediate  precipitation  of  carbonate  of  baryta  will 
ensue. 

Baryta  has  so  strong  an  aflinity  for  carbonic  acid,  as  even 
to  take  it  from  other  l>odies.  If  to  a  solution  of  a  small  por- 
tion of  carbonate  of  potassn,  of  soda,  or  of  ammonia,  we  add 
the  solution  of  baryta,  the  earth  will  detach  the  carbonic 
acid  from  the  alkali,  and  will  fall  down  in  the  state  of  a 
cjubonate.  By  adding  a  sufficient  quantity  of  a  solution  of 
baryta  in  hot  water,  the  whole  of  the  carbonic  acid  may  thu< 
be  removed  irom  a  carbonated  alkali ;  and  the  alkali  will 
remain  perfectly  pure. 

Carbonate  oF  baryta  has  the  following  properties: 

1.  It  is  nearly  insoluble  in  water,  which,  at  60°,  does  not 
take  up  more  than  ^^jVo  P^*^  <^*'>  when  boiling,  about  -^-'.-r- 
Water  impregnated  with  carbonic  acid  dissolves  tttu*'^' 

2.  Carbonate  of  baryta  is  perfectly  tasteless,  and  docs  not 
alter  vegetable  blue  colours.  It  acts  nevertheless  as  a  violent 
poison. 

3.  The  combination  of  carbonic  acid  with  bar}'ta  may 
cither  be  produced  artificially,  as  in  the  manner  already  ck* 
scribed,  and  by  other  processes,  to  be  detailed  in  the  sequd, 
in  which  case  it  is  termcnl,  the  ariijiiial  carbtmaie:  or  it  aiaybe 
procured,  ready  formed  as  a  natural  product,  and  is  thcHi  aillcti 
the  na(iue  carbonate.  The  largest  quantity,  hitherto  discovercdt 
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is  in  a  mine,  now  no  longer  worked,  at  Anglezark,  near  Chorley, 
in  Lnncasliire,  but  it  is  also  found  in  several  other  places. 

The  following  table  shows  the  experimental  results  of  its 
analysis  by  various  chemists. 

Carb.  acid.  Baryta. 

Analysis  of  Mr.  Aikin 21.67  ....  78.33 

Thomson 21.75 78.25 

•  Klaproth  and  Rose 22.00  ....  78.00 

'- Hucholz 21.00 79.00 

Berzelius* 21.60  ....  78.40 

Dr.  Wollaston  (from  theory)  22.09  ....  77.91 

Carbonate  of  baryta  appears  then  to  be  constituted  of  1  atom 
of  base  and  1  atom  of  acid.     Hence  it  ought  to  consist  of 

Baryta 78 100 

Carbonic  acid 22 28.54< 

100.  128.54 

When  100  grains  of  the  carbonate  are  dissolved  in  nitric 
acid,  and  precipitated  by  a  sulphate,  they  afford,  according 
to  Berzelius,  1 18.6  or  1 19  grains  of  sulphate  of  baryta. 

5.  Carbonate  of  baryta  is  decomposed  by  an  intense  heat ; 
its  carbonic  acid  being  expelled ;  and  the  baryta  remaining 
pure.  The  artificial  carbonate  is  most  readily  decomposed ; 
but  the  native  one  is  generally  employed  for  obtaining  pure 
baryta,  because  it  may  be  had  in  considerable  quantity.  The 
process,  which  I  have  found  to  answer  best,  is  nearly  that  o^ 
Pelleiier.  Let  the  native  carbonate  be  powdered,  and  passed 
through  a  fine  sieve.  Work  it  up  with  about  an  equal  bulk 
of  wheaten  floiir  into  a  ball,  adding  a  sufficient  quantity  of 
water.  Fill  a  crucible  of  proper  size,  about  one  third  its 
height,  with  powdered  charcoal ;  place  the  ball  on  this ;  and 
surround  and  cover  it  with  the  same  powder,  so  as  to  prevent 
its  coming  into  contact  with  the  sides  of  the  crucible.  Lute 
on  a  cover ;  and  ex|X)se  it,  for  two  houi*s,  to  the  most  violent 
heat  that  can  be  raised  in  a  wind  furnace.  Let  the  ball  be 
removed  when  cold.  On  the  addition  of  water,  it  will  evolve 
Kreat  heat,  and  the  baryta  will  be  dissolved.  The  filtered  solii- 

*  78  Ann.  de  Chini.  29. 
2  P  2 
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tioiiy  on  cooling,  will  ^hoot  into  tbc  beautiful  crystals  already 
described  p.  573. 

6.  Carbonate  of  baryta  is  decomposed  by  die  solpbnric, 
nitric,  muriatic,  and  various  other  acids,  wbich  detach  the 
carbonic  acid,  and  combine  with  the  earth. 

Borate  of  baryta  is  an  insoluble  white  powder,  which  has 
not  been  particularly  examined. 

Phosphite  of  baryta  may  be  obtained  by  adding  ronrtate  of 
baryta  to  phosphite  of  ammonia.     No  immediate  precipttatioD 
ensues,  but  in  24  hours  the  glass  is  covered  with  a  crost  of 
phosphite  of  baryta,  which  may  be  edulcorated  by  water. 
According  to  Berzelius  it  is  constituted  of 

Phosphorous  acid 24.31 

Baryta 67-24 

Water. . , 8.45 

100. 

This  analysis  renders  it  probable  that  its  true  constitution 
s  1  atom  of  aoid  =  20,  +  1  atom  of  base  s  78,  +  1  atom 
of  water  =  9,  and  that  its  equivalent  number  is  the  sum  of 
these  107. 

Hypo^phosphite  of  baryta  is  a  very  soluble  salt,  crystailiiabk 
with  diffioulty.    (Dulong,  Ann.  de  Chim.  ct  Phys.  ii.  142.) 

Phosphate  of  baryta.  Phosphoric  acid  and  baryta  combine 
in  various  proportions. 

The  first  or  neutral  phosphate  of  baryta  is  formed  by  mixing 
solutions  of  muriate  of  baryta  and  phosphate  of  soda.  An 
insoluble  precipitate  is  obtained,  which,  when  edulcorated  and 
dried,  contains  according  to  Berzelius, 

Phosphoric  acid 31.8  . .  .*.  100.00 

Baryta 68.2  ....  214.46 

100. 
But  if,  as  is  probable,  the  phosphate  consists  of  1  atom  of 
acid  +  1  atom  of  base,  it  ought  to  be  coni))osed  of 

Phosphoric  acid ....  28 26.62  ....  100. 

I3iiryiii  ••••••••••••    /  9*    •  •  •  •     ^  ^v^o  •  •  •  •  *cHf« 

IW.  100. 


By  distcdving  phosphate  of  baryta  in  phosphoric  acid,  and 
evaporating  the  clear  solution^  Beraelitw  obtained  white  cry»* 
tal«,  which  had  an  acid  taste,  and  reddened  vegetable  blues. 
They  are  probably  constituted  of  2  atoms  of  acid  =  56  -f  1 
atom  of  base  =  78,  together  ISi;  and  may  therefore  be  con-» 
aidered  as  the  bi-phosphale. 

When  a  solution  of  these  crystals  is  poured  into  alcohol, 
a  bulky  precipitate  falls,  which  is  white  and  tasteless.  It 
appears  to  be  constitnted  of  2  atoms  of  base  and  5  of  acid, 
or  1  of  the  former  and  1  \  of  the  latter,  and  hence  may  be 
called  a  sesqui^phosphale. 

Besides  the  above  compounds,  Berzelius  has  described  two 
sub-phosphates  of  baryta.  (Ana.  of  Phil.  j(v.  277.) 

Sulphile  of  baryta  may  be  formed  by  mixing  sulpiiite  of 

potassa  ami  muriate  of  baryta.    An  iosohible  compound  is 

formed  of 

Acid 29.26 100 

Base 70.74< 241.7 


100. 

Hypfhsulphiie  of  baryta  may  be  obtained  by  adding  nmriate 

of  baryta  to  a  concentrated  solution  of  hypo-sulphite  of  lime» 

It  forms  a  white  shining  scaly  powder,  slightly  soluble  in 

water.     According  to  Mr.  Herscliell,  who  alone  has  described 

it,  it  is  a  compound  of  2  atoms  of  hypo^ulphurous  acid  =  48^. 

+  1  atom  of  base  =  78»  and  its  equivalent  number  there^ 

fore  is  126. 

Sulphate  of  Baryta. 

Baryta  has  a  more  powerful  affinity  than  aay  other  base  for 
sulphuric  acid,  and  ita  combination  with  that  acid  may  there* 
fore^  be  efiected  with  great  facility,  either  by  dropping  tha 
watery  scrfution  of  baryta  into  dilated  sulphuric  acid»  or  inta 
the.  solution  of  any  of  the  alkaline  sulphates.  The  near  com* 
pound  is  eaUremely  difficult  of  solution,  requiring  at  least. 
45,000  times  its  weight  of  water,  and  it  is  not  sensibly  more 
aolttble  in  hot  than  in  cold  water.  In  sulphuric  acid»  wheB 
ooneentrated  and  heated,  it  dissolves,  but  is  again  precipitatad 
on  pouring  the  solution  into  water. 

It  is  owing  to  these  properties  that  barjrta  and  aav«nd'  of  its 
aalta.are  ao  mneb  aoqillojred  as  tests  of  sulpiMHie  aeiili  and  aa 
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means  of  separating  that  acid  from  its  combinations.  By 
eoUecting  the  precipitate,  first  well  edulcorated,  then  drying, 
igniting,  and  weighing  it,  and  allowing  34  per  cent,  (a  number 
which  I  have  been  decided  to  adopt,  since  the  foregoing  sheets 
were  printed)  of  its  weight  for  real  sulphuric  acid,  we  learn  the 
quantity  of  acid  in  any  sulphate.  This  estimate  is  founded,  not 
only  on  the  theoretical  constitution  of  the  salt,  viz.  i  atom  of 
acid  -4-  I  atom  of  base,  but  on  the  coincidence  of  this  with  llie 
best  anslyses.  The  following  Table  exhibiu  the  experimeotal 
results  of  several  chemists.     Sulphate  of  baryta  contains. 

Base.  Acid. 

According  to  Klaproth G6.55  ....  88.45 

. Mr.  A.  Aikin*  . .  .66.04  ....  83.96 

Mr.  J.  Thomson  f.  66.96  ....  33.04 


-  Berthollet^ 66.50  ....  SSJA> 

-  Berzelius  § 65.69  ....  84.31 


Its  composition,  deduced  from  the  atomic  weight  of  its  in- 
gredients, is  as  follows : 

Bairyta 78  ....  65.91   ••••  100 

Sulphuric  acid ...  •  40  ....  34.09  ••••     51.7 

118.  100. 

Sulphate  of  baryta  is  decomposed  by  alkaline  carbonates, 
either  by  fusing  a  mixture  of  one  part  of  the  finely  |x>wdercd 
sulphate  with  three  of  carbonate  of  potasRa  or  soda,  or  by 
boiling  together  the  pulverized  sulphate  and  a  solution  of  car- 
bonate of  potassa.  Respecting  this  decomposition  some  ca- 
rious facts  have  been  ascertained  by  Dulong  and  by  Mr.  R. 
Phillips.  When  sulphate  of  baryta  is  boiled,  for  two  hours, 
in  contact  with  precisely  its  equivalent  quantity  of  carbonate 
of  potassa,  (that  is,  with  the  quantity  which  ought,  from  theory, 
to  produce  entire  decomposition),  only  one  fourth  of  the  sol- 
phate  of  bnryta  is  converted  into  carbonate.  Reversing  the 
process,  and  boiling  together  equivalent  quantities  of  car- 
bonate of  bar}*ta  and  sulphate  of  potassa  (the  mutual  decom- 
position of  which  could  not  have  been  expected  from  the 
established  order  of  affinities)  it  was  found  that,  out  of  85 
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parts  of  carlM>natc  of  barytn,  57  hnd  been  clian|^ed  into  suU 
phate.  It  is  obvious,  therefore,  that  tlie  entire  decompositioa 
>of  sulpiiate  of  baryta  by  carbonate  of  potassa  can  never  be 
expected,  so  long  as  the  carbonate  of  baryta,  formed  by  the 
mutual  action  of  these  two  salts,  remains  in  contact  with  the 
sulphate  of  potassa  generated  at  the  same  time  ;  for  this  will 
re-convert  the  carbonate  of  baryta  into  sulphate.  Nor  will  aiijr 
quantity  of  carbonate  of  potassa,  that  can  be  employed,  be  ade- 
quate to  the  entire  decomposition  of  the  sulphate  of  barjta. 

By  this  process  carbonate  of  baryta  may,  however,  be 
pr(Kurcd  in  sufficient  ciuaniity  for  the  pur|K)se  of  preparing 
liie  pure  earth,  and  its  various  salts,  when  the  native  carbo- 
uate  cannot  be  had  in  suflicient  abundance.  The  sulphate  is 
ibund,  in  considerable  ma.sses,  accompanying  lead  ore,  ia 
Derbyshire  and  other  parts  of  England,  where  it  i^  known  by 
the  names  of  cawk,  ponderous  spar,  &c.  The  native  suU 
phate  is  extremely  heavy,  having  tlie  specific  gravity  of  4.7.^ 
It  occurs  either  in  amorphous  masses,  or  crystallised  in  a. 
variety  of  forms,  its  primitive  figure  being  a  rhomboidal. 
prism,  the  angles  of  which  are  101°  42'  and  78*^  18'.  Whenr 
applied  to  the  purpose  of  obtaining  the  carbonate  of  baryta 
it  is  to  be  finely  powdered,  mixed  with  three  or  four  times  its 
weight  of  carbonate  of  potassa,  and  boiled  with  a  proper  quan* 
tity  of  water  for  a  considerable  time,  in  an  iron  kettle,  stirrinj^ 
it,  and  breaking  down  the  hard  lumps,  into  which  it  is  apt  to 
run,  by  an  iron  pestle.  It  is  then  to  be  washed  with  boiling 
water,  as  long  as  this  acquires  any  taste.  On  the  addition  of 
dilute  muriatic  acid,  a  violent  effervescence  will  ensue,  and  a 
considerable 'portion  of  the  earth,  probably  along  with  some 
■letalis  will  be  dissolved.  To  tlie  saturated  solution,  add 
solution  of  pure  baryta  in  water,  as  long  as  it  disturbs  the 
transparency  of  the  liquor.  This  will  throw  down  any  metals 
that  may  be  present ;  and  the  excess  of  baryta  may  afterwarda 
he  precipitated  in  the  state  of  a  carbonate,  by  a  stream  of 
carbonic  acid.  Decompose  the  muriatic  solution  by  any  alka-. 
line  carbonate;  let  the  precipitated  earth  be  well  washed  witli 
<listilled  water;  and  if  the  pure  baryta  is  to  bo  obtained  from 
it,  let  it  be  treated  as  directed  page  579. 

Sulphate   of  baryta  is    also   decomposed  when   strongly 
ignited  with  one  sisth  of  its  weight  of  powdered  charcoal^ 
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which  abstradf  the  oxygen  of  the  salphiirie  add,  and  Icatet 
m  combination  of  totphar  and  baryta.  Ffom  this,  the  baryta 
may  be  removed  by  muriatic  acid,  as  already  directed,  and 
the  muriatic  solution  be  decomposed  by  carbonate  of  potassa. 

Tlie  sulphate  of  baryta,  when  decomposed  by  charcoal, 
afibrds  one  variety  of  solar  pbosphoms.  This  phosphonis 
lias  been  criled,  from  the  place  where  the  sulphate  is  fiNmd 
lirom  which  it  was  first  prepared,  the  Bolagman  phaspkoms. 
The  native  sulphate,  powdered  after  beii^  ignited,  and  finely 
sifted,  is  to  be  formed  into  a  paste  with  mucilage  of  gom 
Vabic,  and  divided  into  cylinders  or  pieces  of  one  foorth  of 
an  inch  in  thidcness.  These,  after  being  dried  in  a  moderste 
iKat,  ace  to  be  exposed  to  the  temperature  of  a  wind  fiimscc^ 
placed  in  the  midst  of  the  charcoal.  When  the  fiiel  is  half  con* 
aomed,  it  must  be  replenished,  and  suffered  to  bum  out.  The 
pieces  will  be  found,  retaining  their  original  shapes,  among  the 
4sshes,  from  which  they  may  be  separated  Ji^  llie  blast  of  a  psir 
«f  bellows.  Hiey  BMist  be  preserved  in  a  wdkstopped  pUsL 

This  kind  of  {diosphorus,  after  being  exposed  a  few  mbutw 
to  the  sun*s  rays,  shines  in  the  daric  sufficiently  to  lendsr 
^visiUe  the  dial  of  a  watch.  This  property  is  lost  by  rofMSted 
•vse,  in  consequence  of  the  oxygenadon  of  the  solphnr ;  but  it 
may  be  restored  by  a  second  calcination. 

Selemuie  of  baryia. — Selenic  acid  is  capable  of  uniting  with 
baryta  in  two  proportions.  The  neutral  salt*  which  is  inso* 
Inble^  consisU  of  100  acid  +  137*7  base;  the  U-^farmto, 
which  crystallizes  in  round  transparent  grains,  and  is  sdublt 
In  water,  is  composed  of  100  acid  +  68  basew 

Ferr^^anmH  of  baryia  may  be  formed  by  adding  prusmn 
Mue  to  a  heated  solution  of  baryta  in  water,  till  it  ceases  to 
be  discoloured^  The  filtered  solution  deposits  yellosrish  crys- 
tals^ which  have  the  figure  of  rhombokial  prisaM,  and  V9 
soluble  in  IMO  psrU  of  cold,  or  100  parts  of  boiling  water. 
They  dissolve  in  nitric  and  muriatic  acids.  Mr.  F^mtt,  wiio 
htm  analyzed  them,  states  them  to  consist  of 

Acid 34.31 

Base 49.10 

Water 1G.59 

100. 
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Hence  this  salt  most  be  constituled  of  1  atom  of  ackl  =  54^ 
•f  1  atom  of  base  s  78)  +  2  atoms  of  water  =:  18,  and  it& 
equivalent  number  will  be  150. 


SECTION  VI. 

Of  Strontium. 

Strontium  may  be  procured  by  exactly  the  same  process 

as  barium,  substituting  the  native  carbonate  of  strontia  for 

that  of  baryta.   It  was  first  obtained  by  Sir  H.  Davy  in  1808, 

but  in  very  minute  quantities.     It  resembles  barium,  has  not 

a  very  high  lustre,  is  diflicultly  fusible,  and  not  volatile.     It  ia 

converted  into  strontia  by  cx)X)8ure  to  air,  or  by  contact  with 

water. 

Slrmiiia. 

According  to  Stromeyer,  100  of  strontium  combine  with 
18.107  of  oxygen,  which  numbers  are  in  the  proportion  very 
nearly  of  44  to  8.*  Dr.  Thomson,  from  his  experiments,, 
deduces  65  for  the  weight  of  the  atom  of  strontia,  oxygen 
being  10,  corresponding  with  52  when  hydrogen  is  taken  as- 
unity ;  and  from  this,  deducting  8,  we  again  obtain  44  for  the 
atom  of  strontium.t  With  this  result,  that  of  Berzelius- 
agrees  so  nearly,  that  it  will  probably  be  near  the  truth  to 
consider  strontia  as  represented  by  52  and  its  base  by  44» 
Hence  strontia  will  consist  of 

Strontium 84.54  ....  100 

Oxygen  • .  ^ 15.46  • .  •  •     18.^ 

100. 

Properties  of  Strontia. 

Strontia  (so  called  from  Strontian  ul  Scotland,  where  it  waa. 
iSrst  discovered  in  combination  with  carbonic  acid),  may  be 
prepared  either  by  subjecting  the  carbonate  to  a  strong  beat  id 
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a  crucible,  or  by.  igniting  the  nitrote  in  a  porcelain  retort  or  otiicr 
dose  vessel.  A  grey  substance  remains,  which  becomes  rerj 
hot  on  the  nflTusion  of  wnter ;  and  when  more  water  is  ncided,* 
and  heat  applied,  a  considerable  proportion  of  the  earth  is 
dissolved.  On  cooling,  the  solution  de|>osits  regular  crystals: 
but  the  shape  of  these  differs  considerably  from  that  of  b&rytic 
crystals.  The  crystals  of  strontia  arc  thin  quadrangular 
plates,  sonielinies  square,  oftener  parallelograms ;  not  exceed* 
ing  in  length,  and  not  reaching  in  breadth,  a  quarter  of  an 
inch.  Sometimes  their  edges  are  plain,  but  they  oftener 
consist  of  two  facets,  meeting  together,  and  forming  an  angle 
like  the  roof  of  a  house,  'i  hey  adhere  to  each  other  in  sucIl 
a  maimer  as  to  form  a  thin  plate,  of  an  inch  or  more  in  lengthy 
and  half  an  inch  in  breadth.  Sometimes  they  assume  a  cubic 
form. 

These  crystals  undergo,  by  the  action  of  heat,  much 
the  same  changes  as  those  of  baryta ;  and  leave  only  aboit 
32  per  cent,  of  the  dry  earth.  One  part  of  the  crystals  re* 
quires  about  5H  of  water  at  the  temperature  of  60^  for  sola* 
lion,  but  boiling  water  takes  up  half  its  weight.  Mr.  Daltoo 
sup|ioses  the  crystals  to  consist  of  1  atom  of  strontia  and  12 
atoms  of  water. 

Boiling  alcohol,  with  the  addition  of  these  crystals,  burns 
with  a  blood  red  flame. 

Strontia  does  not  combine  with  alkalis.  Baryta  has  no 
aflinity  for  it;  for  no  precipitation  ensues,  on  mixing  the  watery 
solutions  of  the  two  earths. 

From  the  preceding  enumeration  of  its  characters,  it  fp» 
pears  that  strontia  differs  from  baryta  in  the  form  of  its  crys- 
tals, which  contain  also  more  combined  water,  and  are  h» 
soluble  than  those  of  baryta;  and  also  in  affording,  with 
alcohol,  a  flame  of  different  colour.  These  distinctions  were 
deduced  by  Dr.  Hope,  from  his  excellent  series  of  experi- 
ments on  the  two  earths.*  Other  circumstances  of  dis- 
tinction, derived  from  the  properties  of  their  respective  aahs 
will  be  stated  hereafter. 

Chloride  of  Slrontium  may  be  formed  either  by  beatuif( 
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strontia  in  dilorine  gas,  which  disen^ges  oxygen ;  or  by  (lis* 
solving  carbonate  of  strontia  in  muriatic  acid,  and  ev»})oratina> 
to  dryness.  Tlie  pro<luct  is  a  compound,  according  to  Dr. 
Thomson,  of  55  strontium  to  45  ddorino,  whicli  are  as  nearly 
as  possible  in  the  proportion  of  44  to  36,  numbers  agreein^^  wiili 
die  weights  of  their  respective  atoms.  When  the  chloride 
is  conveited  into  a  muriate  by  tlie  action  of  water,  the  result- 
ing compound  must,  therefore,  consist  of  52  strontia  -f  37 
acid.  Hence  we  have  the  composition  of  these  two  salts  as 
follows: 

Chloride  of  strontium  |?.Vr''""' ^^'^^ 

LChlorme 44.9() 

100. 

Muriate  of  strontia.     /S^^ontia 53.4 

I  Acid 41.6 

100- 

Muriate  of  sironlla  crystallizes  in  long  slender  hexagonal 
prisms,  which  are  soluble  in  two  parts  of  water  at  60*^,  and 
to  almost  any  amount  in  boiling  water.  In  a  very  moist 
atmosphere,  they  deliquiate.  They  dissolve  in  alcohol, 
and  impart  to  it  the  property  of  burning  with  a  blood-red 
flame. 

Chlorale  of  strontia  may  be  obtained  by  the  direct  action 
of  chloric  acid  on  cnrbonate  of  strontia.  It  is  a  deliquescent 
sidt,  having  an  astringent  taste,  and  communicating  to  the 
flame  of  alcohol  a  fine  purple  tint. 

Hydriodate  of  slronlia  is  extremely  soluble,  and  crystallizes 
in  very  slender  prisms.  Heated  a  little  below  redness  in  a 
close  vessel,  it  is  transformetl  into  iodide  of  strontium. 

lodate  of  strontia  is  an  insoluble  compound,  requiring 
some  hundred  parts  of  water  for  solution.  At  a  red  heat  it  is 
decomposed  into  oxygen,  iodine,  and  strontia. 

Nitraie  of  strontia,  Tliis  salt  may  be  obtained  in  the  same 
manner  as  the  nitrate  of  baryta.  Its  crystals  are  dissolved  by 
their  own  weight  of  water  at  60%  or  by  little  more  than  Half 
their  weigiit  of  boiling  water.  When  applied  to  the  wick  of 
a  candle,  or  added  to  boiling  alcohol,  they  communicate  to 
the  flame  a  deep  bibod-red  dolour.    Tliey  are  decomposed  by 
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a  high  temperature,  aiul  nflTonl  pnre  strontia.     EzclusiTe  of 
water,  the  salt  consists,  according  to  Richter,  of  51.4  acid  + 
48.6  base;  or,  according  to  Stromeyer,  of  50.62 acid  +  49.58 
base.     Tlie  proportions  deducible  from  the  weights  of  the 
atoms  of  its  ingredients  are  51  acid  +  49  base. 

Carbonate  of  strontia.  The  relation  of  strontia  to  carbonic 
acid  resembles,  rery  nearly,  that  of  baryta;  and  all  the  expe- 
riments, directed  to  be  made  with  the  solution  of  the  latter 
earth,  may  be  repeated  with  that  of  strontia,  which  will  eir 
hibit  similar  appearances. 

The  carbonate  of  strontia  requires  for  solution  1586  parts 
of  boiling  water.  It  is  found  native,  but  containing  a  litdc 
carbonate  of  lime,  at  Strontian  in  Argyleshire ;  and  may,  also, 
be  prepared  by  artificial  processes,  which  will  be  afterwards 
described.  From  this  carbonate  pure  strontia  may  be  ob- 
tained, by  treating  it  in  the  same  manner  as  was  directed  for 
the  calcination  of  carbonate  of  baryta.    (See  p.  579.) 

The  artificial  carbonate,  according  to  Stromeyer,*  does  not 
essentially  contain  any  water.    It  consists  of 

Strontia 70.313  or  100 

Carbonic  acid 29.687  ••     42.22 


100. 

These  scarcely  difier  from  its  theoretical  proportions,  vhu 
1  atom  of  strontia  =  52.0  +  1  atom  of  carbonic  add  s  82, 
together  74 ;  or  70.09  +  29.91  =  100. 

Borate  of  strontia  is  described  by  Dr.  Hope  as  a  white 
powder,  soluble  in  about  130  parts  of  boiling  water,  and 
changing  syrup  of  violets  to  green. 

PItosphile  of  strontia  has  not  been  examined. 

Hypo-phosphite  of  strontia  is  a  very  soluble  salt,  which  is 
with  difficulty  made  to  crystallise. 

Phosphate  of  strontia  may  be  formed,  by  mixing  solutioiis 
of  muriate  of  strontia  and  phosphate  of  soda.  It  is  tattdm 
insoluble  in  water,  but  soluble  in  an  excess  of  phospboiic 
acid;  fusible  by  the  blow-pipe  into  a  white  enamel;  and  de* 
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composable  only  by  sulphuric  acid.     It  con&isU»  according  to 
Stromeyer,  of 

Acid 36.565 

Base 63.435 


100. 


If  a  true  binary  compound,  it  should  consist  of  very  nearly 
65  base  +  35  acid. 

Sulpkuret  of  stronlia  may  be  formed  either  by  fusing  in  a 
green  glass  tube  three  parts  of  dry  strontia  with  one  of  sul- 
phur, or  by  strongly  igniting  the  sulphate  with  one-seventh 
or  one-eighth  its  weight  of  charcoal.  By  solution  it  is  con- 
verted into  hydro-sulphuret  and  hydrogureted  sulphuret  of 
strontia.  These  are  separable  from  each  other,  if  the  solution 
be  evaporated  with  the  exclusion  of  air,  for  the  hydro- 
sulphuret  forms  crystals  which  have  a.  white  silky  lustre, 
while  the  hydrogureted  sulphuret  remains  in  solution. 

Sulphite  of  strontia  is  not  known. 

Hypo-sulphite  of  strontia.  Mr.  Herschell  formed  this  salt 
by  passing  a  current  of  sulphurous  acid  through  hydrogureted 
sulphuret  of  strontia.  It  has  a  bitter  taste ;  dissolves  in  about 
1|  times  its  weight  of  water;  is  insoluble  in  alcohol;  dissolves 
chloride  of  silver  with  great  facility ;  and  when  heated  per  se 
becomes  white,  and  then  burns  with  a  faint  flame. 

Sulphate  of  strontia.  Iliis  salt  resembles,  very  nearly, 
the  sulphate  of  baryta.  It  may  be  formed  in  a  similar  manner, 
by  pouring  a  solution  of  the  pure  earth  into  diluted  sulphuric 
acid,  or  into  the  solution  of  an  alkaline  sulphate;  for  strontia 
has  a  stronger  affinity  than  any  of  the  alkalis  for  sulphuric 
acid.     It  is  soluble  in  3840  parts  of  boiling  water. 

The  sulphate  of  strontia  is  also  found  native  in  con- 
siderable quantities;  chiefly  at  Aust  Passage,  and  at  other 
places  in  the  neighbourhood  of  Bristol.  As  the  native  car- 
bonate is  rather  scarce,  this  compound  may  be  advantage- 
ously employed  for  procuring  artificial  carbonate  of  strontia. 
The  process  is  precisely  similar  to  that  already  described  for 
decomposing  the  sulphate  of  baryta.    (Page  582.) 
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According  to  n  considerable  niajoritj*  of  tlic  clicniists  wi%o 

liavc  analyzed  it,  sulphate  of  strontia  consists  of 

Acid 42 100 

Strontiia 58 1S8 


100  238 

From  these  numbers  its  equivalent  has  been  deduced  bj  Dr. 

Wollnston.     But  Vauquelin  has  stated,  that  it  is  composed  of 

46  acid  and  5*  base,  and  Stromcyer  of  49  acid  and  57  base. 

'i1ic  theoretical  constitution  of  1  atom  of  acid  -r  1  of  b:iso, 

would  i-equire  it  to  consist  of  43.60  acid  +  56.40  base. 
Stltniaie  of  strontia.     The  tietdral  ieleniate  is  white  and 

insoluble;  the  biscietiiate  dissolves  with  difficulty  even  at  a 

boiling  temperature. 

Firro-cyanate  of  stwntia  is  a  salt  which  dissolves  in  less 

than  four  parts  of  cold  water,  but  has  not  been  made  to 

crystallize.     It  is  not  deliquescent. 


SECTION  \l\. 

Of  MagiU'siitm, 

The  base  of  ma^nesia^  for  which  Sir  H.  Davy  has  pro|>oscd 
the  term  vuiitncslum^  is  very  imperfectly  known.  In  the  at- 
tempts to  distil  its  amnl^nms,  the  metal  seemeil  to  act  u|X}n 
the  glass,  even  before  the  whole  of  the  quicksilver  was  ilis- 
tilled  from  it.  In  one  experiment,  in  which  the  process  wns 
stopped,  before  the  mercury  was  entirely  driven  off,  it  ap* 
pcarcd  as  a  solid,  having  the  same  whiteness  and  lustre  as  the 
other  metals  of  the  earths.  It  sank  rapidly  in  water,  tliougii 
surroundeil  by  globules  of  gas,  and  produced  magnesia.  In 
the  air,  it  quickly  changed,  falling  into  a  white  powder,  which 
proved  to  be  magnesia.  This  earth  Derzelius  states^  in  round 
numbers,  to  consist  of  38  or  31)  per  cent,  oxygen,  and  61  or 
62  magnesium.  This  would  make  the  weight  of  its  atom 
15.5,  and  that  of  magnesia  23.5.  Dr.  Thomson's  experi- 
ments (Ann.  of  Piiil.  N.  S.  vol.  i.  p.  5)  give  20  for  the  eqni- 
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imlcnt  of  magnesin,  from  which  if  8  be  suktracteil,  there 
results  12  for  the  atom  of  magnesium.  Perhaps  it  will  be 
sufficiently  near  the  truth  to  consider  it  as  represented  by  that 
number. 

Magnesia  possesses  the  properties  of  an  alkali,  but  in  a 
considerabl}'  less  d^ree  than  any  of  the  foregoing  earths.  Its 
diameters  are  as  follow : 

When  perfectly  pure,  it  is  entirely  destitute  of  taste  ami 
smell.     Its  specific  gravity  is  between  2  and  H, 

No  heat  is  excited  by  the  affusion  of  water,  and  only  a 
very  small  proportion  is  dissolved,  not  exceeiling  l-5l42d  of 
its  weight  at  60%  or  l-3600()th  at  212%  according  to  Dr. 
Fyfe's  experiments.     Magnesia  api^ars,  however,  to  have  an 
affinity  for  water;  for  when  moistened,  and  afterwards  dried, 
its  weight  is  found  increased  in  the  proportion  of  118  to  100. 
When  precipitated  also  by  pure  potassa  or  soda  from  Any  of 
its  salts,  it  falls  down  in  union  with  water  as  a  hijihafe  which, 
when  dried  l)y  a  very  gentle  heat,  forms  transparent  Masses. 
In  this  state,  according  to  Davy,  it  contains  about  ;  of  its 
weight  of  water;  but,  according  to   Berzelius,  100  parts  of 
magnesia  combine  with  142  to  144-  of  water.     None  of  these 
proportions  exactly  agree  with  the  atomic  weights  of  water 
and  magnesia;  tlioiigh  the  numbers  of  Berzelius  approach  very 
nearly  to  those  of  a  compound  of  3  atoms  of  water  (27)  with 
one  of  magnesia  (^20.)     It  is  probable,  indce<1,  that  magnesia 
ami  water  unite  in  several  proportions.     The  native  hydrate, 
analyzed  by  Dr.  Fyfe,  contained  69.75  base  +  30.2-5  water.* 
If  these  numbers  be  altered  to  68.5  of  the  former  -f  31.5  of 
the  latter,  they  will  agiee  with  the  proportion  of  one  atom  of 
macrnesia  to  one  atom  of  water,  constituting  the  prolo-hydrQle. 

Magnesia  reddens  turmeric  and  changes  to  green  the  blue 
4;olour  of  the  violet;  but  water  which  has  been  agitated  with 
magnesia,  when  filtered  through  paper,  does  not  produce  simitar 
eficcts.  In  these  respects  magnesia  differs  from  lime,  and 
approaches  to  those  earths  which  arc  destitute  of  decidedly 
alkaline  qualities. 


•  Aim.  of  Phil.  N.S.i.  390. 
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Magnesia  is  not  dissolved  by  liquid  alkali^  nor  by  alkaline 
earths ;  and,  in  the  dry  way,  it  has  no  affinity  Ibr  baryta  or 
strontia. 

Magnesia  is  by  no  means  a  rare  production  of  nature,  for 
though  very  seldom  found  in  a  state  approaching  to  puri^, 
yet  it  enters  largely  into  some  rocks  that  compose  extensive 
'formations,  such  as  serpentine,  magnesian  lime*stone»  steatite. 
Sec;  and  in  combination  with  sulphuric  and  muriatic  acids  it 
•forms  a  large  proportion  of  the  ingredients  of  sea  water.  Its 
principal  use  is  in  medicine^  for  hitherto  it  has  not  been 
-extensively  applied  to  any  of  the  practical  arts. 

Chloride  of  magnesium  may  be  formed  by  passing  chloriDC 
gas  over  pure  magnesia.     This  compound  is  little  known.. 

Chloride  of  magnesia  may  be  prepared  by  passing  chlorine 
^s  into  water,  in  which  magnesia  is  kept  mechanically  sus- 
pended, or  by  the  mixture  of  solutions  of  chloride  of  iirae 
and  sulphate  of  magnesia.  It  has  not  yet  been  accurately 
investigated.  It  is  of  use  in  some  of  the  processes  of 
bleaching. 

Chlorate  of  magnesia  is  also  little  known. 

Muriate  of  magnesia  is  a  deliquescent  and  very  soluble  salt; 
of  an  intensely  bitter  taste;  soluble  in  alcohol;  and  decom- 
posed by  a  red  heat  which  expels  the  muriatic  acid.  From 
the  weight  of  its  elements  it  ought  to  consist  of 

Magnesia 20 35.71   ....   100 

Muriatic  acid 37 64.29  ....  186 


57.  100. 

It  constitutes  about  one  eighth  of  the  solid  ingredients  of 
sea  water,  in  which  as  I  showed  (Phil.  Trans.  1810),  aiid  as 
Dr.  Marcet  has  also  lately  observed  (Phil.  Trans.  1822),  it 
is  free  from  any  admixture  of  muriate  of  lime. 

A  triple  muriate  of  potassa  and  magnesia  was  obtained  by 
Dr.  Marcet  in  rhombic  crystals  from  the  bittern  of  sea  water; 
but  the  constitution  of  this  salt  was  found  to  be  so  delicate, 
that  it  was  liable  to  be  scparate<l  into  muriate  of  potassa  and 
muriate  of  magnesia  by  water  alone,  and  was  with  certainty 
decomposed  by  alcohol,  which  took  up  the  magnesian  muriate 
only.  (Phil.  Trans.  1822,  p.  456.) 


Hydriodaie  of  nwgnesia  is  delicfnescent,  and  abmdoos  il» 
«cid  when  heated. 

•  When  iodine  is  heated  along  with  magnesia  and  water,  both 
bydriodate  and  iodate  of  magnesia  are  formed.  By  concen^ 
tfating  the  solution,  both  salts  are  partly  decomposed ;  and  a 
floeoolent  iodide  of  magnesia  is  formed,  nesembling  kermes  in 
its  appearance,  which,  when  heated,  loses  part  of  its  iodine,  and 
is  changed  into  a  sDb-4odide. 

Nitrate  of  Magnesia. 

This  compound  may  be  prepared,  by  dissolving  carbonate 
of  magnesia  in  dilated  nitric  acid.  The  solution,  when  eva- 
porated, yields  cr^'stals  in  the  shape  of  prisms,  with  four 
oblique  faces  truncated  at  their  summits.  Most  commonly^ 
however,  it  forms  a  shapeless  mass,  consisting  of  an  immense 
number  of  small  needle-shaped  crystals,  crossing  each  other 
irregularly.  These  crystals  deliquiate  in  the  air,  and  are 
aoluble  in  half  their  weight  of  water.  When  exposed  to  the 
heat  of  ignition,  they  fuse;  a  few  bubbles  of  oxygen  gas  first 
escape;  and  the  nitric  acid  then  passes  undecomposed .  The 
«alt  contains,  exclusive  of  water,  according  to  Dalton,  69  acid 
+  31  base;  but  if  constituted  of  an  atom  of  each  of  its  ingre- 
dients, it  ought  to  be  composed  of  73.19  acid  +  26.81  base. 

AmnKniia-nitrate  of  magnesia  may  be  obtained  by  mixing  the 
solutions  of  nitrate  of  ammonia  and  nitrate  of  magnesia,  and 
evaporating  the  solution.  The  crystals  are  prisms,  which  are 
aoluble  in  about  11  parts  of  water  at  60%  and  are  less  deli- 
quescent than  either  of  the  component  salts. 

Carlonate  of  Magnesia. 

Pure  magnesia  does  not  attract  carbonic  acid  witli  nearly 
she  sane  intensity  as  lime.  Hence  magnesia  may  be  exppsad 
to  the  air,  without  any  important  change  in  its  prapertips,  or 
much  increase  of  weight,  unless  the  exposure  be  long  con- 
tinued, when  it  first  becomes  a  hydrate  by  absorbing  water, 
and  then  attracts  carbonic  acid  from  the  atmosphere.  The 
carbonate  of  magnesia,  used  in  medicine,  and  for  experimental 
ptirposes,  is  prepared  by  a  process  to  be  described  in  speaking 
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;  of  the  salpbate*  Inthisstate^'  bowerer,  it  is  not  enlildj  sa- 
turated with  carbonic  acid.  Its  composition  variet»  as  it  has  been 
precipitated  with  or  without  heat.  If  the  fottner^  it.ooDtaios, 
■according  to  Buchohs,-  42  base,  35  acid,  33  per  cent*  .water'; 
if  prepared  from  cold  solutions  of  carbonate  of  soda  and  sul- 
phate of  magnesia,  it  consists  of  S3  base^  32  acid^  and  35  water. 
Mr.  Dalton  states  it  to  be  composed  of  43  base^  40  acid,  and 
17  water.  Berzelius  is  of  opinion  that  it  is  a  compound  of 
three  atoms  of  carbonate  of  magnesia  with  one  atom  of  the 
hydrate  of  the  same  earth  ;*  and  i^  as  appears  to  me  probable^ 
this  be  the  correct  view  of  its  composition,  it  will  consist  of 

3  atoms  of  carbonate  42  x  3    =s  126 72.77 

1  atom  of  tri-hydrate  20  +  27  =    47  . . ; . .  •  27-23 

173  100. 

Or,  of 

Magnesia  in  the  carbonate  ....  34.34  ^ 

Ditto  in  the  hydrate 11.48/ 

Carbonic  acid 38.42 

Water  . 16.76 

100. 

The  true  carbonate  of  magnesia,  consisting  of  1  atom  of 
acid  +  1  atom  of  base,  though  it  has  not  yet  been  formed  ar- 
tificially,  is  found  as  a  natural  product,  and,  being  entirely 
without  water,  it  may  be  called  the  anhydrous  carbonate  aj 
magnesia,  A  specimen  of  this  mineral  from  the  Elast  Indies, 
I  have  analyzed  and  described  in  the  Annals  of  Phil.  N.  S.  !• 
252. 

The  saturated  carbonate  of  magnesia  (as  it  has  generslly 
been  considered),  may  be  obtained,  by  passing  streams  of  cir- 
iKmic  acid  gas  through  water^  in  which  common  magnesia  is 
kept  mechanically  suspended,  or  by  adding  a  very  dilute  sdii- 
tion  of  carbonate  of  soda^  highly  charged  with  carbonic  acid 
under  pressure,  to  a  dilute  solution  of  sulphate  of  magnesia. 
No  immediate  precipitation  ensues,  but,  after  a  few  Aaxh 
congeries  of  crystals  will  be  found  adhering  to  the  inner 


*  Thomson's  AnAab»  xil.  80. 


•BCT.  Vif.  IffAGNB^lOlff.  595 

•urfiice  of  the  glass  vessel.  Sonde  of  these  I  analyzed  several 
yeatrs  ago^  and  showed  them  to  consist  o^  base  29,  acid  SO, 
ivaler  41 «  Berzelius,  from  the  examination  of  a  specimen  pro* 
bably  purer  than  mine»  deduced  its  proportions  to  be,  base 
89.585,  add  3 1 .505,  water  38.9 1 4.*  There  can  be  little  doubt 
that  its  true  constitution  is  as  follows,  and  that  it  is  a  carbonate 
and  not,  as  has  been  supposed,  a  bi-carhmatey  a  salt  which, 
in  fiu:t,  has  not  yet  been  proved  to  exist,  vh. 

1  atom  of  magnesia 20  ....  28.80 

1  atom  carbonic  acid   .  •  • .  22  •  •  • .  32. 
3  atoms  water  ....••.•••  27  .  •  •  •  39.40 


69  100. 

Water  at  80^  dissolves  only  1 -2493d  of  its  weight,  and,  at 
the  boiling  temperature,  l-9000th  part,  of  common  carbonate  of 
magnesia.  (Exlinb.Joum.v.305.)  The  addition  of  almostany 
acid  to  the  carbonate  expels  its  carbonic  acid,  and  a  compound 
remains  of  magnesia  with  the  new  acid  which  has  been  added. 
The  aflSnity  of  carbonic  acid  for  magnesia  appears,  indeed,  to 
tie  feeble,  for  it  is  expelled  by  a  very  moderate  heat,  much 
Inferior  to  that  required  for  the  decomposition  of  carbonate 
of  lime.  The  residue  is  pure  magnesia,  which,  for  medicinal 
and  chemical  uses,  is  always  prepared  by  the  calcination  of  the 
carbonate,  and  hence  its  name  of  calcined  magnesia. 

Carbonate  of  magnesia  precipitates  lime  from  lime  water, 
a  carbonate  of  the  latter  earth  being  formed  in  consequence  of 
its  greater  affinity  for  carbonic  acid. 

Carbonate  of  Magnesia  and  Po/a55a.-~Berzelius  has  described 
«  salt  with  double  base,  which  may  be  formed  by  mixing  bi*^ 
carbonate  of  potassa  in  excess  with  muriate  of  magnesia^f  No 
|Mrecipitate  appears,  but  in  a  few  days  the  salt  arranges  itself 
in  crystalline  groups  on  the  sides  of  the  vessel.    It  consists  of 

Potassa 18.28 

Magnesia 15.99 

Carbonic  acid 34.49 

.  Water 31.24 

100. 
^  Edinb.  Phil.  Joum.  i.  7S.  f  Ibid.  if.  8f . 
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Boraie  rf  magnesm  may  be  fermed  by  diatoWiiig  magnetia 
id  bonicic  acid.  It  {Mreei|Ntales  in  small  irrq^nlar  cfyatab^ 
aperingly  acdable  in  water,  but  aoluUe  in  aoetic  add.  A  na- 
taral  .Gompoiind  of  boracic  acid  and  iiuignetia»  with  a  proper- 
tioa  of  lime,  is  found  near  Lnneburg  in  jGennany,  and  known 
liy  tbe  name  of  boradie. 

•    Phosphate  of  magnesia  may  be  formed  either  directly  by  dis- 
v:  solving  carbonate  of  magneua  in  phoqiharic  acid,  or  by  mix- 
''Ing  solutions  of  sulphate  of  magnesia  and  phosphate  of  soda* 
Ho  immediate  change  ensues,  but,  after  a  few  hours,  large 
transparent  crystals  of  phosphate  of  magnesia  make  their  ap- 
pearance in  the  solution.     The  crystals  require  15  parts  of 
. ,  cold  water,  but  a  smaller  proportion  of  boiling  water,  for  solu- 
tion'.    They  effloresce  in  the  air,  and,  when  heated,  leave  a  dry 
powder  which  is  fusible  into  a  transparent  f^lass^ 

Ammmda^phosphaU  qf  magnesia  may  be  prepared  by  mixing 
aolntions  of  phosphate  of  ammonia  and  phoa[Qdii8le  of  magnesisi 
or  any  other  aolnble  salt  with  base  of  that  earth*  It  &Uf 
down  in  the  form  of  a  white  insoluble  powder;  boty  in  certiia 
Tarieties  of  urinary  calculi,  it .  is  found  lining  cavilies  of 
the  concretions,  in  a  distinctly .  orystalliaed  form,  and  it 
is  deposited  in  crystals  on  the  sides  of  vessels  in  which  arioe 
is  long  kept,  it  is  tasteless,  scarcely  soluble  in  water,  readilj 
soluble  in  dilute  acids,  and  is  decomposed  by  heat,  leaving 
phosphate  of  magnesia  only.  According  to  Fourcroy,  it 
contains  equal  weights  of  phosphate  of  ammonia,  phosphste 
of  magnesia,  and  water. 

Sulphuret  tf  Magnesia. — It  does  not  appear  that  magnesia 
forms  a  permanent  union  with  sulphur,  for,  when  bcatod  toge- 
ther, the  latter  sublimes. 

Hydro^ulphuret  of  MagMsia. — This  earth  is  soluble  in  wster 
impregnated  with  sulpbureted  hydrogen,  but  the  properties  of 
the  compound  have  not  been  investigated.  The  same  may  be 
said  of  the  bydrogureted  sulphuret. 

Sulphite  of  magnesia  may  be  prepared  by  saturating  carbo- 
nate of  magnesia  with  sulphurous  acid ;  but  the  sulphite,  %vhich 
is  first  formed,  is  insoluble  till  an  excess  of  acid  is  added,  wbcu 
it  dissolves,  and  mny  be  crystallized  by  slow  evaporation.    U 
*is  soluble  in  20  parts  of  cold  water,  but  hot  water  takca  up  a 


!»rger  portion,  and  dqiosiu  it  again  on  cooling.     The  cryetaU 
effloresce  in  the  air,  and  are  slowlji  changetl  into  sulphate. 

Hypo-sulphite  of  magnesia  may  be  obtained  by  boiling  a  so- 
lutioD  of  sulphite  of  magnesia  with  flowers  of  sulphur.  The 
salt  crystallizes  when  the  solution  has  cooled.  It  is  inlenselj 
bitter,  and  rendily  soluble  in  water,  but  is  not  deliquesceoU 
When  heated,  it  burns  with  a  blue  flnnie,  and,  by  a  sufficient 
continuance  of  the  heat,  the  whole  of  the  acid  is  expelled,  and 
magnesia  remains. 

Sulphale  of  Magnesia. 

When  highly  concentrated  sulphuric  acid  is  suddenly 
added  to  fresh  prepared  and  pure  magnesia,  very  great  heat 
and  vapour  arc  excited,  and  are  accompanied  frequently  with 
an  extrication  of  light ;  an  appearance  first  observed  by  West- 
rumb.  But  if  the  carbonate  of  magnesia  be  added  to  diluted 
sulphuric  acid,  the  carbonic  acid  is  expelled,  and  a  solution  of 
sulphate  of  magnesia  is  formed,  which  crystallizes  on  evaporv. 
tion  and  cooling.  Crystals  of  sul{)hatc  of  magnesia  may  also 
be  procured  in  the  shops,  under  the  name  of  Epsom  salt. 

These  crystals  have  the  following  properties: 

J.  They  have  the  form  of  small  quadrangular  prisms,  sni^ 
mounted  by  quadrangular  pyramids  wiih  dihedral  summits 
They  undergo  no  change  by  exposure  to  the  atmosphere. 

2.  At  the  temperature  of  SO**,  this  salt  is  soluble  iu  an  eqnal 
weight  of  cold  water,  and  in  three-fourths  its  weight  oF  boil- 
ing water,  which  thus  receives  on  addition  of  one-fourth  of 
its  bulk. 

9.  When  exposed  to  aJ(t)V'  red-heat,  it  undergoes  the  wn^ 
tery  fusion,  but  is  not  volatilized.  It  loses,  however,  rather 
more  than  one-half  its  weight,  which  is  water  of  crystallizniiony 
and,  according  to  Berzelius,  n  very  minute  portion  of  ncid 
«scttpe». 

The  crystallized  salt  is  composed*  of 

Dry  sulphate  of  magnesia....  ♦8.57~)        f  60         ■'  , 
Water S1.*3^^J    6S     ""• 

\\2% 
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or  of  1  atom  of  anhydrous  salt,  and  7  atoms  of  water.    Tbe 
dry  salt  18  constituted  of 

1  atom  of  magnesia .20   •  •  •  •  dS.04p    • . .  •  100 

1  atom  sulphuric  acid .  •  •  •  40   ....  66.96    ....  202 

60  100. 

And  the  crystals  contain, 

Magnesia 16. 

Sulphuric  add  •••••• 82.57 

Water .61.48 

100. 

4.  Its  solution  is  precipitated  by  carbonates  of  potassa  and 
of  soda ;  but  not  by  carbonate  of  ammonia,  unless  heat  is  ap- 
plied. The  carbonate  of  magnesia  of  the  shops  is  prepared 
by  mixing  together  concentrated  and  hot  solutions  of  caito- 
nate  of  potassa  and  sulphate  of  magnesia.  The  sulphate  of 
potassa,  thus  formed,  is  removed  by  copious  washing  with 
water»  and  the  carbonate  of  magnesia  is  then  dried.  The  pro* 
porticms  employed  are  filtered  solutions  of  4  parts  of  ihe 
crystallized  sulphate,  and  S  of  the  carbonate  of  potassa.  One 
hundred  parts  of  the  desiccated  sulphate  give  about  71  of  car* 
bonate  of  magnesia,  or  about  S3  of  the  pure  earth. 

When'85luuon  of  pure  ammonia  is  added  to  that  of  sulpliate 
of  magnesia,  part  of  the  earth  is  precipitated.  Hie  rest  re* 
mains  in  solution,  and,  by  evaporation,  a  triple  salt  is  fbmicd, 
consisting  of  sulphuric  acid,  magitiesia,  and  ammonia,  and 
called  ammoniaca-magnesian  sulpfSite. 

A  compound  Sulphate  of  Magnesia  and  Soda  has  been  de* 
scribed  by  Dr.  Murray,  ib  a  note  to  his  paper  on  the  Aiialjst» 
of  Sea  Water.*  It  crystallizes  in  rhombs  truncated  on  tbe 
angles  and  edges ;  is  soluble  in  rather  more  than  three  times  i(« 
weight  of  water  at  60^  Fahrenheit;  is  permanent  in  the  sir; 
and  does  not  fuse,  but  decrepitates  on  applying  heat.  It  i^ 
composed  of 


^ 


*  Edinb.  Trans. 
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Sulphate  of  magneBia  .  • .  •  • S2 

Sulphate  of  soda 39 

Water  of  crystallization 29 

100 

Sulphate  of  poiassa  and  magnesia  was  composed  by  Link  by 
saturating  bi-sulphate  of  potassa  with  magnesia.  The  taste  of 
this  triple  salt  is  bitter ;  in  solubility  it  nearly  agrees  with  sul- 
phate of  potassa;  its  crystals  arc  rhomboidal,  and  consist  of 
about  S  parts  sulphate  of  potassa,  and  4  sulphate  of  magnesia 
It  has  been  found  by  Dr.  Marcet  to  be  an  ingredient  of  sea 
water.     (Phil.  Trans.  1822,  p.  ^55.) 

Seleniaie  of  Magnesia. — Selenic  acid  unites  with  roi^i^esia 
in  two  proportions,  forming  a  seleniate  and  a  bi-seleniate,  but 
the  compounds  have  no  particularly  interesting  properties. 


SECTION  VIII. 

Gbicinunu 

•  We  have  no  experimental  knowledge  of  the  base  of  glucina. 
When  obtained,  its  proper  denomination  will  be  glydinim^ 
The  general  fact  of  its  existence  is  proved  by  igniting  glucina 
with  potassium,  which  is  thus  changed  into  pot^MMu 

Glucina. 

This  earth  was  discovered  by  Vauqudin,  in  the  year 
1798.  He  obtained  it  from  the  aqua  marina  or  beryl,  a  pre- 
doos  stone  of  a  green  colour,  and  very  considerable  hardneiBf 
which  ia  found  crystallized  in  Siberia.  Glucina  hais  since 
been  detected  in  the  emerald  of  Peru,  and  in  the  gadolinite. 
The  following  process  may  be  employed  to  separate  it  from 
the  beryl : 

Let  the  stone^  reduced  to  a  fine  powder,  be  fused  with  three 
times  its  weight  of  pure  potassa.  To  the  fused  mass  add  a 
quantity  of  water,  and  afterwards  diluted  muriatic  acid; 
lAich  last  will  effect  a  complete  solution.  Evaporate  the 
flpiution  to  dryness^  re>dissdve  the  dry  mas%  and  add  carb^ 
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d.  It  is  insoluble  in  water,  and  infusible  except  by  an  in- 
tense heat. 

4.  It  is  very  ponderous ;  its  specific  gravity  being  i-S+S. 

5.  It  is  not  attacked  by  pure  alkalis;  and,  in  tliis  respect, 
it  difiers  from  glucina  and  alumina,  both  of  which  are  abon- 
dantly  soluble  in  fixed  alkalis. 

•  6.  Like  glucina,  it  is  soluble  in  carbonate  of  ammonia,  bnt 
five  or  six  times  less  so  than  that  eartli ;  or,  in  other  words,  of 
equal  quantities  of  glucina  and  yttria,  the  latter  requires  fi>r 
solution  five  or  six  times  more  of  the  carbonate  of  ammonia 
than  the  former. 

7.  It  is  soluble  in  most  acids ;  and  is  precipitated  by  pure 
alkalis,  by  baryta,  and  by  lime. 

8.  From  these  solutions  it  is  also  precipitated  by  the  oxalic 
acid,  and  by  oxalate  of  ammonia,  in  a  state  resembling  fredi 
precipitated  muriate  of  silver.  Prussiate  of  potassa  throws  it 
down  in  small  white  grains  passing  in  a  short  time  to  peari 
grey ;  phosphate  of  soda  in  a  white  gelatinous  form;  and  in- 
fusion of  galls  in  brown  floccali. 

9.  Yttria,  which  has  been  a  long  time  exposed  to  the  actkm 
'  of  fire,  gives  out  chlorine  gas,  when  dissolved  in  common 
muriaitic  acid ;  thus  manifesting  one  prc^ierty  of  a  metallie 
oxide.* 


SECTION  X. 

Aluminum. 

The  experiments  of  Sir  H.  Davy  afford  a  strong  presump- 
tion that  alumina  is  a  metallic  oxide ;  but  its  base, .  alumtnumt 
has  not  been  yet  obtained  in  such  a  state  as  to  make  its  pro- 
perties an  object  of  investigation.  Yet  alloys  have  been  formed, 
which  give  sufficient  evidence  of  its  existence ;  and  the  pre- 
sence of  oxygen  in  alumina  is  proved,  by  its  cluinging'  potst- 
aium  into  potassa,  when  ignited  with  that  metal. 


*  Nichdton'i  JotirDsl,  zTiii.  77. 


SSCT*  X.  ALUMINUM.  GOS 

* 

Alumina. 

Alumina  may  be  oblained  free  from  other  earths,  but  stills 
combined  with  carbonic  acid,  by  precipitating  a  solotion  or 
alum  in  water  by  the  bi«carbonate  of  potassa.     To  secure  it»^ 
complete  purification  froifi  sulphuric  acid,    Guyton  advise«» 
that  the  precipitate  be  re-dissolved  in  nitric  acid,  tlmt  nitrate* 
of  baryta  be  cautiously  added  to  the  solution,  till  it  no  longftF 
occasions  milkincss,  and  that  the  alumina  be  afterwards  pre^- 
cipitatcd,  or  separated  from  the  nitric  acid  by  heat.*     Elec-^ 
tro-chemical  analysis,  however,  in  this,  as  in  many  other  ub* 
-stances,  shows  the  imperfection  of  the  common  methods  of 
separating  bodies  from  each  other;    for  the  most  carefully 
prepared  alumina  yields  the  metals  of  soda  and  polassa,  when 
negatively  electrified  in  contact  with  mercury .f     Berzelius^ 
also,  found  that  when  alumina  is  precipitated  either  from  the 
sulphate  or  nitrate,  it  is  contaminated  wirh  those  acids^  but 
not  with  the  muriatic,  when  thrown  down  from  the  muriate 
of  alumina  by  ammonia.    Gay  Lussac  recommends  the  pre* 
paratjon  of  alumina  by  exposing  that  kind  of  alum  which  has 
junmonia  for  its  base^  first  to  a  gentle  heat  to  expel  the  water 
<^  crystallization,  and  afterwards  to  a  red  heat,  which  leaves 
the  alumina  pure4 

Alumina  has  the  following  propertiair'  ^  ' 

1.  It  is  destitute  of  taste  andsmcIL  -  ' 

2.  When  moistened  with  water,  it  fbrmt  a  cohesive  and 
ductile  mass,  susceptible  of  being  kneaded  into  a  regular  form. 
It  is  not  soluble  in  water ;  but  retains  a  considerable  quantity^ 
and  is,  indeed,  a  hydrate,  oonjtaining,  wh^n  dried  at  the  tern* 
fierature  of  the  atmosphere^  almost  half  its  weight  of  water. 
£ven  after  ignition,  alumina  bais  such  an  affinity  for  moisture 
that  it  can  hardly  be  placed  on  the  scale  of  a  balance,  with* 
4>ttt  acquiring  weight.  Berzelius  found  that  100  parts,  i|fter 
lieing  ignited^  gained  15^  from  a  dry  atmosphere^  and  S3  from 
a  humid  one.  For  full  saturation^  100  grains  of  alumiiMit  he 
jMoercained,  require  54  of  water.§ 

.    S.  Alumina  does  not  aftct  bine  vegetable  ooloors* 

•  Ana.  de  Ckim.  xyiii.  64.  f  Davj,  Pbil.  Trans.  ia06^ 

X  Ann,  4e  Chin,  et  Phji.  v.  101.  (  89  Ana.  de  Chioi.  14. 
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4-.  It  is  dissolved  uy  the  liquid  fixed  alkalis,  und  is  precipi- 
tated by  acids  unclianged.  In  ammonia,  it  is  very  sparingly 
soluble.     It  is  not  soluble  in  alkaline  carbonates. 

5.  Baryta  and  stroniia  combine  with  slumina,  both  by 
fusion  and  in  the  humid  way.  In  the  first  case,  the  result  is 
a  greenish  or  bluish  coloured  mass.  In  the  second  two  com- 
pounds are  formed.  The  first,  containing  an  excess  of  alu- 
inins,  is  in  the  stale  of  an  insoluble  powder;  the  other,  having 
an  excess  of  the  alkaline  earth,  remains  in  solution.  Alumina 
may  be  united,  by  fusion,  with  the  fixed  alkalis,  and  with 
moat  of  the  earths. 

6.  Alumina,  as  will  be  afterwards  shown,  has  a  strong  affi- 
nity for  colouring  matter. 

7.  Alumina  has  the  property  of  shrinking  considerably  in 
bulk,  when  exposed  to  heal,  and  its  contraction  is  in  pn^>or- 
tion  to  the  intensity  of  the  heat  applied.  On  this  pn^rty  is 
founded  the  pyrometer  of  IVedgewood,  which  measures  higb 
d^rees  of  heat,  by  the  amount  of  the  contraction  of  rega- 
larly  shaped  pieces  of  china  clay.  The  pieces  of  ciay  are 
small  cylinders,  half  an  inch  in  diameter,  flattened  on  the 
under  surface,  and  baked  in  a  lew  red  heat.  The  coatmciioa 
of  these  pieces  is  measured,  by  putting  them  between  two 
fixed  rulers  of  brass  or  porcelain,  twenty-four  iodus  lon^ 
half  an  inch  distant  from  each  other  at  one  end,  aad  three 
tenths  of  an  inch  at  the  other.  The  rulers  ace  divided  iDto 
240  e<]ual  parts,  called  degrees,  which  commence  at  the  wider 
«nd;  and  each  of  which  is  equal  to  130°  of  Fahrenheiu  Who 
the  clay  piece  is  fixed  in  its  place,  before  expoeure  to  beat,  it 
is  stationary  at  the  first  degree^  which  indicates  about  1077^ 
of  Fahrenheit.  After  being  strongly  heated,  in  n  small  em 
which  defends  it  from  the  fuel,  its  bulk  is  dimini&becl*  mm)  it 
slides  down,  between  the  converging  rulers,  till  slflfifMd  hf 
their  approach.  The  number  on  the  graduated  acaiei  opp^ 
flite  to  the  upper  end  of  the  piece,  indicates  the  drffrea  of  bat 
to  which  it  has  been  exposed.  In  the  Appendix,  mlesnaybc 
found  for  reducing  the  degrees  of  Wedgwood's  pyraoMCer  to 
those  of  Fahrenheit's  thermotncter.  It  is  )>raper,  bmrever, 
to  remark  that  this  instrument  is  a  much  less  accurate  mea- 
surer of  heat  than  was  long  supposed ;  since  the  contractkin 


of  clay  is  influenced  not  merely  by  the  degree  of  heat  to  which 
it  is  exposed,  bat  by  the  tnodie  of  its  application. 

Equivalent  of  Alumina. 

From  indirect  experiments.  Sir  H.  DaTy  several  years  agc^ 
derived  24  as  the  number  representing  alumina,  from  which^ 
deducting  one  atom  of  oxygen  »  8,  we  obtain  16  for  the 
equivalent  of  aluoiinum.  The  number  for  the  equivalent  or 
aluMina,  deduced  by  Gay  Lussac,^  is  21.611,  oxygen  beinf^ 
10,  =  17-^9  when  hydrogen  is  taken  as  the  decimal  unit.  Dr.. 
Thomson,t  from  recent  experiments,  concludes  it  to  be  2.25y 
oxygen  4)^ng  1,  a=  18  when  hydrogen  is  made  unity.  The 
fioraner  determination  would  reduce  the  atoiti  of  aluminum  to^ 
9*28,  and  Dr.  Thomson's  to  10,  the  atom  of  oxygen  b^n^ 
considered  as  8.  Mr.  R.  Phillips  is  of  opinion  t  that  the  atonic 
of  alumina  is  correctly  expressed  by  27,  and  Mr.  Brands 
(Qoarteriy  Joum.  xiv.  50)  Axes  it  at  26.  Differ^ices  so  con«» 
siderable  as  these  sufficiently  show  that  we  are  not  prepared  to 
assign  the  true  weight  of  the  atom  of  alumina,  but  that  the 
subject  is  still  open  to  further  investigation. 

Alumma  forms  a  very  large  proi>ortion  of  the  rocks  and 
strata  that  compose  this  globe.  It  is  the  chief  ingredient  of 
all  the  varieties  of  clay,  and  gives  them  the  property  of  tena<- 
city  and  dnctility,  or  of  being  capable  of  being  moulded  into 
the  shapes  of  vessels  which  are  rendered  hard  and  durable  by 
the  subsequent  application  of  heat.  Bricks,  tiles,  and  all  the 
varieties  of  pottery  and  porcelain,  are  chiefly  formed  of  alumina,, 
with  variable  proportions  of  silica  and  other  earths.  It  im- 
parts to  soils,  when  present  in  due  proportion,  the  quality  of 
being  sufficiently  retentive  of  moisture ;  for  a  soil  may  be  toa 
open  and  light  to  be  fertile,  as  well  as  too  stiff  froin  die  excess 
ofits  aluminous  ingredient.  It  is  remarkable,  also,  that  alu- 
mina, nearly  pure,  composes  some  of  the  hardest  minerals, 
such  as  the  corundum,  whicTi  is  hard  enough  to  be  employed 
in  polishing  diamonds. 


•  Ann.  d«  Cb.  et  Ph.  xyu  36*  t  -Ann*  ^^  Phil.  N.  S.  iii.  168. 

I  Ibid^  iv.  283. 
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Soils  of  yllumma. 

Alumina  with  Chlorine. — No  substance  (Sir  H.  Davy  ob- 
.serves)  exists,  that  can  be  considered  as  a  true  compound  of 
alumina  and  chlorine. 

Muriate  of  Alumina  may  be  formed  by  dissolving  fresh  pre- 
cipitated alumina  in  muriatic  acid,  but  the  acid  is  always  in 
•excess.  It  is  scarcely  possible  to  obtain  ihb  salt  in  crystals^ 
for  by  evaporati(Hi  it  becomes  a  thick  jelly*  It  ia  extremely 
^soluble  in  water,  and  when  dried  deliquiates.  At  a  high  tern* 
j>erature  it  abandons  its  acid. 

Nilrale  of  Alumina  may  be  formed  in  the  same  manner  a» 
the  last-mentioned  compound.  The  solution,  which  is  always 
"racid,  crystallizes  in  thin  ductile  plates.  Tbf  qrjrstals  are  ex* 
tremely  soluble,  and  are  deliquescent.  At.a  high  temperature 
4hey  are  decomposed.  Potassa  throws  down  alumina  from  the 
^ution,  but,  if  added  in  excess,  re-dissolves  the  precipitate^ 

Alum. — Sulphate  of  Alumina. 

Alum  and  sulphate  of  alumina  are  often  confounded  toge* 
4her  under  the  same  name ;  but  alum,  as  will  afterwards  ap-^ 
pear,  is  not  merely  a  combination  of  this  earth  with  sulphuric 
^cid ;  but  is  a  triple  salt,  composed  either  of  sulphuric  acid, 
alumina,  and  potassa;  or  of  sulphuric  acid,  alumina,  and  am- 
monia.    It  has  the  following  characters : 

{a)  It  has  a  sweetish  astringent  taste.  Its  specific  gravity 
is  1.71. 

(b)  It  dissolves  in  water,  five  parts  of  which,  at  eo^,  take 
42p  one  of  the  salt,  but  hot  water  dissolves  about  three-fourths 
of  its  weight. 

(c)  This  solution  reddens  vegetable  blue  colours;  which 
proves  the  acid  to  be  in  excess. 

{d)  When  mixed  with  a  solution  of  carbonate  of  potassa,  an 
effervescence  is  produced  by  the  uncombined  acid,  which  also 
prevents  the  first  portions  of  alkali,  that  are  added  to  a  solo- 
tion  of  sulphate  of  alumina,  from  occasioning  any  precipitate* 

(e)  On  a  farther  addition  of  alkali,  the  alumina  ia  preci- 
pitated. 
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(/*)  Aluniy  wlien  lieated,  swells  up,  loses  iU  regular  form, 
and  becomes  a  dry  spongy  mass,  called  burnt  alum ;  but,  ac» 
oMtling  to  Vauquelin,  the  whole  of  its  acid  cannot  be  ex* 
pelled  by  heat. 

Considerable  differences  exist  in  the  statements  which  have 
been  given  by  different  analysts,  of  the  composition  of  alum» 
as  will  appear  from  the  following  table : 

100  parts  contain.  Add.     Alumina.    Potassa.  Water. 

According  to  Vauqtielin 30.52    .  10.50  •  •  10.40  •  •  48.58 

— Dalton 33.      . .  12.     . .    9.      . .  46. 

.  R.  Phillips 34.94 .  •  11.18  • .  10.33 . .  43.55 

Berzelius 34.23 .  •  10.86  . .    9.81 . .  46. 

Do.  corrected  by  Thomson  334)2 . .  10.86 . .    9.90  • .  45. 
.  Dr.  Thomson . . .  32.85 .  •  1 1.99 .  •    9.85 .  •  46.2t 


Some  of  these  differences  may  be  accounted  for  by  the  cir* 
cumstance,  that  in  estimating  the  sulphuric  acid,  the  composi* 
tion  of  sulphate  of  baryta  has  been  differently  calculated. 
When  well  edulcorated,  dried,  and  ignited,  the  barytic  suK 
phate  should  be'assumed  to  contain,  in  every  100  grains,  34 
grains  of  real  sulphuric  acid. 

Different  views  also  have  been  taken  of  the  state  of  combi* 
nation  in  which  the  potassa  and  sulphuric  acid  exist  in  alum* 
Mr.  R.  Phillips  considers  the  constitution  of  alum  to  be  as 
follows,  a  slight  alteration  of  his  experimental  results  being 
made  to  accommodate  them  to  atomic  proportions. 

1  atom  ofbi-sulphate  of  potassa, 

2  atoms  of  sulphate  of  alumina, 
22  atoms  of  water. 

Dr.  Thomson,  however,  does  not  admit  that  bi-sulphate  of 
potassa  exists  in  alum,  and  contends  that  it  is  constituted  of 

1  atom  of  sulphate  of  potassa, 
3  atoms  of  sulphate  of  alumina, 
25  atoms  of  water.* 

If  the  number  representing  alumina  were  ascertained,  it 

would  be  easy  to  determine  which  of  these  two  views  is  roost 

■ .  — ^.— ^— ^^—  I  ■    — ■— — ^— ^— ^1^— 1^ 

•  Ann.  of  Phil.  N.S.  iii.  168. 


Mi  ov  mrnxus.  CHAP.  It; 

cxxiMBtent  with  the  atomic  doctrine;   but  tiH  ^is  lias  been 
done,  the  mbject  iniiBt  remaiahivolved  in  some  obocurity. 

Ammanktoal  alum  has  been  examined  bj  Rifilialt,*  who  foiAd 
it  to  consist  of 

1  atom  of  sulphate  of  ammonia, 
S  atoms  of  sulphate  of  alumina, 
24>  atoms  of  water. 

In  this  species  of  alum  M.  Ri£&ulc  concludes  that  lli>06  of 
alumina  are  united  with  26.979  of  sulphuric  ackl,  the  remain- 
ing 9.063  of  the  acid  being  combined  with  3.898  of  amroonis. 

In  the  Quarterly  Journal  (viii.  386)  an  alom  <?en(ainiBg 
soda  as  its  alkaline  base,  is  described.  It  appears  to  becoe- 
stituted  of  51.2  water,  32.14  sulphuric  acid,  10  alumina,  and 
e*$S  soda,  or  of 

9  atoms  of  sulphate  of  alumina, 
1  atom  ofbi-sulphate  of  so<lfl, 
28  atoms  of  water. 

In  voL  xiii.  p.  276  of  the  same  Journal,  Dr.  Ure  XiSUgn* 
nearly  the  same  proportions  to  a  soda.alum  examined  by  him. 

Magnesia^  also,  it  appears,  is  capable  of  furiiisbing  a  base 
to  alum ;  but,  li^  the  last  species,  it  has  not  yet  been  applied 
to  any  useful  purpose. 

A  neulral  sulphate  of  alumina  was  obtained  by  Berzelis^ 
by  the  following  process.  He  decomposed  alum  by  ammo- 
nia ;  wnshed  the  precipitate,  and  redissolved  it  in  sulphuric 
acid.  To  the  liquor,  after  evaporation,  he  added  alcohol) 
which  threw  down  a  sulphate  nearly  neutral,  and  rendered 
pert'cclly  so,  by  being  washed  with  farther  portions  of  alcohol. 
Gay  Lussac  has  also  given  the  following  process,  communicated 
to  him  by  Descotils,  for  preparing  a  neutral  sulphate  of  ah- 
miiia.  On  alum  with  base  of  ammonia,  boil  nitro-muriatic 
acid,  till  all  the  ammonia  is  destroyed,  and  evaporate  to  dry- 
ness to  expel  all  the  nitric  and  muriatic  acids.  The  ammo- 
nia is  decomposed  by  the  chlorine,  which  results  fi*oin  the 
mutual  action  of  those  two  acids,  and  the  alumina  remains  in 


»  Aim.  dc  Chim.  «t  Phys.  ix.  106. 
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eombinatioa  with  sulphuric  acid  only.  The  Mtarated  sok^ 
tion  of  this  salt  in  water  is  an  excellent  test  to  discover  potassa  i 
for  a  drop  or  two»  added  to  a  solution  of  that  alkali^  or  of  any 
of  its  salts,  immediately  causqs  a  precipitation  of  alnm^*  It  is 
most  probably  constituted  of  1  atom  of  acid  H-  1  atom  of  base* 
The  sub-sulphate  of  alumina  and  potassa  has  been  anidyzed 
by  M.  Ri£hu1t  (Ann.  de  Ch.  et  Phys.  xvi.  36B\  and  found  to 
consist  of 

Sulphuric  acid 35.495 

Alumina  • 39.65i 

Potassa 10.021 

Water ^ 14.830 


100. 

This  corresponds  very  nearly  with  3  atoms  of  acid,  8  of 
alumina,  1  of  potassa,  and  4  of  water.  A  native  sub-sulphate 
of  alumina  has  also  been  examined  by  Stromeycr,  and  ascer- 
tained to  be  composed  of  30  alumina,  24  sulphuric  acid,  and 
45  water. 

(A)  Alum  is  decomposed  by  charcoal,  which  combines  with 
the  oxygen  of  the  sulphuric  acid,  atid  leaves  the  sulphur  at- 
tached to  the  alumina.  A  combination  of  aliimina,  sulphur, 
and  charcoal,  forms  the  pyrophorm  of  Homberg.  To  prepare 
this,  equal  parts  of  powdered  alum  and  brown  sugar  are 
melted  over  the  fiire,  and  are  kept  stirring  tilf  reduced  to  dry- 
ness. The  mixture,  when  cold,  is  to  be  finely  powdered,  and 
btroduced  into  a  common  phial,  coated  with  clay,  to  which 
a  glass  tube,  open  at  each  end,  is  to  be  luted,  to  allow  the 
escape  of  the  gases  that  are  produced.  The  phial  must  then 
be  set  in  the  fire,  surrounded^  by  sand,  in  a  crucible.  Oas 
will  issue  from  the  open  end  of  the  tube,  and  may  be  inflamed 
by  a  lighted  pi^r.  When  this  ceases  to  escape,  the  crucible 
may  be  removed  from  the  fire,  and  a  little  moist  day  pressed 
down  upon  the  open  end  of  the  tube^  to  prevent  the  access  of 
Mr  to  the  contents  of  the  phial.  When  cold,  the  tube  may 
be  removed,  and  a  cork  substituted  in  its  place.  The  princi- 
pal diificuity  in  the  process  is  to  stop  it  precisely  at  theperiody 


■  ■   I^^W^^  ■     —  1^ll^ii^i^>^i^#i«>^i* 


*  Ann.  de  Cbiiu.  et  Phjf$.  vi«  901« 
VOL.  I.  2    R 
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^itiW  the  pyrophorus  is  formed ;  for  if  the  heat  be  oontiDiied 
loixiyer,  the  preparation  will  be  spoiled. 

The  pyrophoras-  thus  formed  is  a  black  and  light  powder, 
"which  instantly  takes  fire  when  poured  out  of  the  bottle  into 
the  air,  and  inflames  suddenly  in  oxygen  gas.  Sulphate  of 
potassa  appears  to  be  essential  to  its  production,  and  hence  the 
sulphuret  of  potassa  is  a  necessary  ingredient.  From  the  dis- 
coveries of  Sir  H.  Davy,  it  appears  not  improbable  that  this 
pyrophorus  may  contain  sulphuret  of  potassium.  Theprind- 
pal  part  of  the  phenomena,  however,  is  owing  to  the  combus- 
tion of  an  extremely  light  and  finely  divided  charcoal. 

The  remaining  salts  of  alumina  have  no  properties  suffi- 
ciently important  to  entitle  than  to  a  separate  description. 


SECTION  xr. 

Thormum. 

NoTHiKG  is  known  of  the  metallic  base  of  this  earth,  and  it 
is  only  from  analogy  that  it  is  supposed  to  be  constituted 
of  such  a  base  united  with  oxygen. 

Thorina. 

I.  While  analyzing  some  minerals  from  the  neighbourhood 
of  Fahlun  in  Sweden,  Professor  Berzelius  found  in  them  a 
new  earth,  which  he  had  also  extracted,  in  the  summer  of 
1815,  from  a  species  of  gadolinite.     In  these  it  was  combined 
with  the  fluate  of  cerium  and  yttria.     The  pulverized  mineral 
was  first  treated  with  concentrated  sulphuric  acid,  which  de- 
composed the  greater  part  of  it,  and  expelled  the  fluoric  acid. 
From  this  solution,  sulphate  of  potassa  precipitated  the  oxide 
of  cerium,  and  caustic  ammonia  afterwards  occasioned  a  hf 
ther  precipitate.     This,  dissolved  by  long  digestion  in  mu- 
riatic acid,  consisted  of  the  muriates  of  yttria  and  of  tbenev 
earth.     It  was  evaporated  to  dryness,  in  order  to  expel  the  ex- 
cess of  acid,  and  water  poured  over  it  to  dissolve  the  muriste 
of  yttria.      The  residue  was  subjected  to  the  action  of  mo- 
riatic  acid,  and  the  solution  accurately  satuibted  by  caustic 
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ammonia.  On  adding  water,  and  atpplying  a  boiling  heat,  a 
white  gelatinous  precipitate  fell,  which  was  collected  on  a 
filter.  The  liquor,  that  passed  through  the  filter,  was  again 
saturated  with  pure  ammonia,  and  heated  to  ebullition,  which 
occasioned  a  fresh  precipitation  of  the  same  eartlu  This, 
when  washed,  and  gently  dried,  is  the  substance  in  question. 

11.  1.  This  earth,  when  dried,  is  perfectly  white;  it  ab« 
sorbs  carbonic  acid,  and  dissolves  with  e£Pervescence  in  acids. 
After  calcination,  its  white  colour  remains  unimpaired ;  but 
if  the  beat  has  been  strong,  it  is  rendered  less  easily  soluble 
in  acids.  The  neutral  solutions  of  it  have  a  purely  astringent 
taste,  which  is  neither  sweet,  nor  saline,  nor  bitter,  nor  me- 
tallic, a  property  in  which  it  di£Pers  from  all  the  earths  except 
zirconia. 

2.  When  dissolved  in  a  slight  excess  of  sulphuric  acid,  and 
subjected  to  evaporation,  it  yields  transparent  crystals,  which 
are  not  altered  by  ex|>osure  to  the  air,  and  have  a  sweet  as- 
tringent taste. 

S.  It  dissolves  readily  in  nitric  and  muriatic  acids,  but  does 
not  a£Pord  crystallizable  salts.  When  precipitated  by  pure 
alkalis,  it  absorbs  carbonic  acid  from  the  air  with  avidity ; 
and  the  alkaline  carbonates  throw  it  down,  in  combination 
with  the  whole  of  their  carbonic  acid.  It  is  precipitated  by 
the  oxalate,  tartrate,  and  benzoate  of  ammonia.  Succinate  of 
ammonia  occasions  a  precipitate,  which  is  immediately  re* 
dissolved ;  and  ferro-prussiate  of  fiotassa  throws  down  a  white 
precipitate,  which  is  soluble  in  muriatic  acid. 

4.  It  is  not  soluble,  even  when  fresh  precipitated  and  at  a 
boiling  temperature,  by  the  pure  alkalis.  The  alkaline  cai> 
bonates  dissolve  it,  but  much  more  sparingly  than  any  other 
earth  on  which  they  are  capable  of  acting. 

5.  It  is  not  reducible,  when  strongly  heated  in  contact  with 
charcoal.  Before  the  blow-pipe  it  cannot  be  brought  into 
fusion.  With  borax  or  phosphate  of  soda,  it  fuses  into  a 
transparent  glass,  but  is  infusible  with  soda. 

Messrs.  Gahn  and  Ber^selius  having  been  accustomed  to 
speak  of  this  earth  under  the  name  ofThorina  (from  Thor» 
a  Scandinavian  Deity),  we  may  distinguish  it  by  this  name,  till 
II  more  appropriate  one  shall  be  pointed  out« 

3  R  3 
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Thorina  diflers  from  the  other  earths  in  the  fidlowuig  pro* 
perties:  From  alumina  and  gbictnOf  by  its  insolability  in  liquid 
potash ;  from  yllrtQi  by  its  solutions  being  purely  astringent 
to  the  taste,  without  any  sweetness,  and  by  the  property  of 
being  precipitated  at  a  boiling  heat»  except  when  prerented 
by  too  great  an  excess  of  acid*  It  differs  from  xtrooma  in  the 
following  req^ects:  Jst,  Because,  after  being  ignited,  it  is  still 
soluble  in  acids.  2d,  It  is  not  pi'ecipitated  by  sulphate  of  pot* 
assa,  which  throws  down  zirconia,  eren  from  solutioiis  con- 
taining a  considerable  excess  of  acid.  Sd,  Thorina  is  pro* 
cipitated  by  oxalate  of  ammonia,  which  is  not  the  case  widi 
zirconia.  4th,  Its  combination  with  sulphuric  acid  crystalliiei 
readily,  while  sulphate  of  zirconia  forms,  when  pure  and 
dried,  a  gelatinous  transparent  mass,  without  any  trace  of 
crjnstallization. 


SECTION  XII. 

Zirconium. 

The  base  of  zirconia,  or  zirconium^  is  still  unknown,  thoagh 
hivestigated  by  Sir  H.  Davy  in  the  same  manner  as  the  bases 
of  other  earths.  When  potassium  was  brought  into  contact 
with  ignited  zirconia,  potassa  was  formed,  and  dark  metallic 
particles  were  diffused  through  the  alkali. 

Zirconia. 

I.  This  earth  was  discovered  by  Klnproth  in  the  year  1789, 
in  a  precious  stone  from  the  island  of  Ceylon,  called  Jargon 
or  Zircon,  and  has  since  been  detected  in  the  hyacinth. 

MM.  Dubois  and  Silveira  have  described  the  method  of 
obtaining  zirconia  from  zircons  as  follows:  powder  the  zir- 
cons very  fine,  mix  them  with  two  parts  of  pure  potassa;  ami 
heat  them  red  hot  in  a  silver  crucible  for  an  hour.  Treat  the 
substance  obtained  with  distilled  water,  pour  it  on  a  filter,  and 
wash  the  insoluble  part  well ;  it  will  be  a  compound  of  zifx:o- 
nia,  silica,  potassa,  and  oxide  of  iron.  Dissolve  it  in  muri* 
alic  acid,  and  evaporate  to  dryness,  to  separate  the  silica*  Re- 
dissolve  the  muriates  of  zirconia  and  iron  in  water;  and  to 


sepamte  the  zirconia  which  adheres  to  thesileX)  wash  it  With 
weak  muriatic  acid,  and  add  it  to  the  solution.  Filter  tha 
fluid,  and  precipitate  the  zirconia  and  iron  by  pure  ammonia ; 
wash  the  precipitates  well,  and  then  treat  the  hydrates  with 
oxalic  acid,  boiling  them  well  together,  that  the  acid  may  act 
on  the  iron,  retaining  it  in  solution  while  an  insoluble  oxalate 
of  xirconia  is  formed.  It  is  then  to  be  filtered,  and  the  oxalate 
washed,  until  no  iron  can  be  detected  in  the  water  whidi 
passes  through.  The  earthy  oxalate  is,  when  dry,  of  an  opa- 
line colour ;  after  being  well  washed,  it  is  to  be  decomposed 
by  hea;t  in  a  platinum  crucible. 

When  thus  obtained,  zirconia  is  perfectly  pure,  but  is  not 
soluble  by  acids.  To  render  it  so,  it  must  be  re-^cted  on  by 
potassa  as  before,  and  then  washed  until  the  alkali  is  removed* 
Afterwards  dissolve  it  in  muriatic  acid^  and  precipitate  by  am* 
monia.  llie  hydrate  thrown  down,  when  well  washed,  is  per* 
fectly  pure  and  easily  soluble  in  acids.  (Ann.  of  Phil.  New 
Series,  i.  74.) 

II.  Zirconia  has  the  following  properties: 

1.  It  has  the  form  of  a  fine  white  powder,  which,  when  rub^ 
bed  between  the  fingers,  has  somewhat  of  the  harsh  feel  of  si^ 
lica.  It  is  entirely  destitute  of  taste  and  smtll.  Its  specifio 
gravity  exceeds  4. 

£•  It  is  insoluble  in  water ;  yet  it  appears  to  have  some  adi« 
nity  for  that  fluid,  for  it  retains,  when  slowly  dried  after  pre- 
cipitation,  one  third  its  weight,  and  assumes  a  yellow  colour 
and  slight  transparency,  like  that  of  gum  arable. 

3.  It  is  insoluble  in  pure  licjuid  alkalis ;  nor  does  it  even 
combine  with  them  by  fusion ;  but  it  is  soluble  In  alkaline  car- 
bonates. 

4.  Exposed  to  a  strong  heat,  zirconia  fuses,  assumes  a  light 
grey  colour;  and  such  hardness,  on  cooling,  as  to  strike  fire 
with  steel,  and  to  scratch  glass,  or  even  rock  crystal. 

5.  Its  action  on  other  earths  has  not  been  fully  investigated* 

6.  It  dissolves  readily  in  acids.  Its  solution  in  muriatic 
acid,  when  sufficiently  heated,  becomes  milk  white,  and  runs 
in  some  measure  into  a  jelly,  e^>ecially  if  concentrated  to  a 
certain  point  by  evaporation. 
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7.  From  the  muriatic  solution  of  zurconia,  oxalic  add  throws 
down  a  white  precipitate,  which  is  re-dissolved  by  an  excess 
of  the  acid. 

8.  It  is  precipitated  from  its  acid  solutions,  by  the  neutral 
succinates  and  benzoates,  in  copious  white  bulky  flocks,  which 
are  again  readily  dissolved  by  an  excess  of  succinic  acid.  It  is 
also  thrown  down  from  its  solutions  by  tartaric  acid,  malic 
acid,  and  tartrate  of  potassa. 

9.  From  a  sufficiently  neutral  soluticm  of  zirconia,  ferro- 
cyanate  of  potassa  throws  down  a  greenish  blue  precipitate, 
which,  on  adding  muriatic  acid,  becomes  more  blue,  but  after 
some  time  changes  into  celadon  green. 

10.  Hydrosulphuret  of  ammonia  produces,  in  the  muriatic 
solution  of  zirconia,  a  dark  olive  or  blackish  green  precipitate 
in. very  loose  flocks.  This  precipitate  may  be  washed  with 
water  without  changing  colour;  but,  when  exposed  to  sun- 
shine, it  becomes  white. 

Professor  Pfafi*  has  remarked  that  in  most  of  their  proper- 
ties there  is  a  striking  resemblance  between  zirconia  and  oxide 
of  titanium.  The  only  re-agent,  which  acts  in  a  strikingly 
different  manner  upon  solutions  of  oxide  of  titanium  and  zir- 
conia, Is  tinctureof  galls,  which,  from  the  common  solution  of 
oxide  of  titanium,  throws  down  a  reddish  brown  precipitate, 
whereas  from  solution  of  zirconia  it. occasions  a  deposition 
of  yellow  flocks.  (Ann.  of  Phil.  xiii.  83.) 


SECTION  XIII. 

Silich/m. 

In  his  attempts  to  obtain  the  base  of  silica,  or  silUiumy  iu  a 
state  of  perfect  separation,  Sir  H.  Davy  was  unsuccessful ;  but 
the  results  oF  his  experiments  leave  little  room  to  doubt  that 
this  earth  is,  like  the  rest,  compounded  of  oxygen  with  a  pe- 
culiar base. 

Berzelius  has  since  decomposed  silica,  by  fusing  it  with 
charcoal  and  iron  in  a  blast  furnace.     He  obtained  an  alloy 
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of  iron  and  siliciumj  which,  by  the  action  of  a  dilute  acid, 
gave  more  hydrogen  than  the  same  weight  of  iron.*  This 
process  was  successfully  repeated  by  Stromeyer,  and  the  pro- 
perties of  the  different  alloys  investigated.  He  recommends 
the  fusion  of  7  parts  of  iron,  5  of  silica,  and  from  4.  to  iVtbs  of 
a  part  of  soot  From  the  results  of  acting  on  the  alloy  by 
dilute  acids,  Berzelius  infers  silica  to  consist  of 

Silicium 45.92 100 

Oxygen 54.08 1 17.38 


100.  217.S8 

And  Sir  H.  Davy  deduces  the  proportions  to  be  31  of 
metal  to  SO  oxygen.  These  numbers,  however,  can  be  con- 
sidered in  no  other  light  than  as  approximations.  The  base 
of  silica  Sir  H.  Davy  believes  not  to  be  a  metal,  but  9  8ub« 
stance  most  Resembling  boron;  and,  like  it,  bearing  an  analogy 
to  charcoal,  sulphur,  and  phosphorus.  In  the  present  imper- 
fect state  of  our  knowledge  of  silicium,  it  would  be  premature 
to  assign  the  weight  of  its  atom.  If  silica  be  a  protoxide,  its 
equivalent  will  be  16,  and  that  of  silicium,  or  silicon,  as  it  is 
called  by  Dr.  Thomson,  will  be  represented  by  8 ;  but  these 
numbers  must  be  considered  as  open  to  correction. 

Silica, 

I.  Siliceous  earth,  or  silica,  may  be  obtained  tolerably  pure 
from  flints  by  the  following  process : — Procure  some  common 
gun-flints,  and  calcine  them  in  a  crucible  in  a  low  red  heat. 
By  this  treatment  they  will  become  brittle,  and  easily  redu- 
cible to  powder.  Mix  them,  when  pulverized,  with  three  or 
four  times  their  weight  of  carbonate  of  potassa,  and  let  die 
mixture  be  fused  in  a  strong  red  heat,  in  a  crucible.  The  ma- 
terials must  bear  only  a  small  proportion  to  the  capacity 
of  the  crucible;  and  the  heat  must  at  first  be  very  moderate, 
and  slowly  increased.  Even  with  this  precaution,  the  mass, 
on  entering  into  fusion,  will  be  apt  to  overflow ;  and  must  be 


*  81  Ann.  Cb.  179.    See  also  his  account  of  an  attempt  to  analjrze  si 
lica,  in  40  Phil.  Mag.  901. 
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pressed  down  as  it  rises  by  an  iron  rod.  When  this  efier- 
vescence  has  ceased^  lei  the  beat  be  considerably  raised,  so 
that  the  materials  may  be  in  perfect  fusion  during  half  an 
hour,  and  pour  the  melted  mass  on  a  copper  or  iron  dish. 
We  shall  thus  obtain  a  compound  of  alkali  and  sillceoas  earth. 
Dissolve  this  in  water,  filter  the  solution,  and  pour  it  into 
diluted  sulphuric  or  muriatic  acid.  An  immediate  precipita* 
tion  will  ensue,  and,  as  long  as  this  continues,  add  fresh  por- 
tions of  the  solution.  In  precipitating  the  alkaline  solution 
of  silica,  more  acid  must  be  used  than  is  sufficient  to  engage 
the  alkali;  and  the  alkaline  liquor  must  be  added  to  the  acid, 
and  not  the  reverse ;  for,  in  the  latter  case,  the  precipitate 
will  be  glass,  and  not  silica.  Let  the  precipitate  subside,  pour 
off  the  liquor  that  floats  above  it,  and  wash  the  sediment  with 
hot  water,  till  it  comes  off  tasteless,     llien  dry  it. 

Silica,  obtained  by  this  process,  though  pure  enough  for 
the  following  experiments,  may  still  contain  a  portion  of 
alumina.  To  separate  the  latter  earth,  boil  the  precipitate 
with  diluted  sulphuric  acid,  to  which  a  little  sulphate  of  pot- 
assa  may  be  added.  The  alumina  will  thus  be  dissolved ;  and, 
the  silica  may  be  freed  from  the  solution  of  alum  by  repeated 
washings  with  water.  Even  silica,  however,  that  has  beea 
most  carefully  washed,  still  gives  traces  of  potassa  on  the  ap- 
plication of  electro-chemical  powers.  (Davy.)  According  to 
Mr.  Brande,  silica  may  be  obtained  of  sufficient  purity  for  ' 
most  purposes  by  heating  rock-crystal  to  redness,  quenching 
it  in  water,  and  then  reducing  it  to  fine  powder. 

II.  Siliceous  earth,  as  thus  obtained,  has  the  following  qua* 
lities : 

(a)  It  is  perfectly  white  and  tasteless.  It  is  infusible  by  the 
intense  heat  of  Voltaic  electricity  ;*  but  was  melted  by  Dr. 
Clarke  with  the  oxygen  and  hydrogen  blow-pipe.  To  a 
certain  degree  it  a|)pears  to  be  volatile,  for  a  filamentous  sub- 
stance, collected  from  iron  furnaces,  and  resembling  amianthus, 
was  found  by  Vauquelin  to  be  pure  silica. 

(b)  When  mixed  with  water,  it  docs  not  form  a  cohesive 
mass  like  alumina,  but  has  a  dry  and  harsh  feel  to  the  fingers. 


•  Phil.  Trans.  1815,  |>.  370. 
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It  retains,  when  fresh  precipitated,  shout  26  per  cent,  of  wa« 
ter,  after  being  dried  at  70^  Fahrenheit.  But,  according  to 
Berzelius,  this  water  is  not  chemically  combined. 

(c)  It  is  insoluble  in  water.  Yet  when  fresh  precipitated, 
water  has  the  property  of  retaining  in  solution  about  erne 
thousandth  of  its  weight.*  That  silica,  however,  is  dissolved 
in  water  by  processes  of  nature,  can  scarcely  be  doubted,  when 
it  is  considered,  that  it  is  found,  in  considerable  quantitieii  in 
a  crystallized  form. 

{d)  It  is  not  acted  on  by  any  acid^  except  the  fluoric.  Sul-* 
phuric  acid,  according  to  Ifelton,  after  eiltpelling  the  fluoric 
acid  fronifluate  of  lime,  does  not  unite  with  the  silica.  But 
though  the  earth  itself  is  not  dissolved  by  acids,  yet  whefi 
first  combined  with  an  alkali,  it  unites  with  several  acids» 
forming  triple  salts.f  When  fresh  precipitated,  however. 
Dr.  Marcet  asserts,  that  it  is  sparingly  soluble  in  most  acids } 
and,  for  this  reason,  he  recommends,  in  analysis,  to  precipitate 
silica  by  muriate  of  ammonia,  which  does  not,  like  the  acids, 
re-dissolve  it. 

(e)  When  prepared  in  the  foregoing  manner,  and  very 
minutely  divided,  silica  is  taken  up  by  a  solution  of  pure  po-« 
tassa,  or  of  soda,  but  not  by  ammonia.  In  the  aggr^rated 
state  of  flints,  however,  it  is  perfectly  insoluble  in  this  way  by 
alkaline  solutions;  an  excellent  illustration  of  the  principle 
that  a  very  minute  division  of  solid  bodies,  by  presenting  a 
greater  surface  to  the  action  of  fluids,  &cilitates  solution. 

{/)  When  mixed  with  an  equal  weight  of  carbonate  of 
potassa,  and  exposed  to  a  strong  heat  in  a.  furnace,  it  forms  a 
glass,  insoluble  in  water,  and  identical  in  all  its  prc^rties 
with  the  glass  commonly  manufactured.  It  is  owing  to  th^ 
siliceous  earth  which  it  contains,  that  glass  is  decomposed  by 
the  fluoric  acid.  Glass,  however,  has  occasionally  other  in* 
gredients,  besides  the  two  that  have  been  mentioned,  the  oIh 
ject  of  which  admixtures  is  to  adapt  it  to  particular  purposes. 
FUtU  glass  is  formed  of  flne  siliceous  sand,  pearlash,  litharge, 
or  minium,  a  little  nitre,  and  a  small  quantity  of  manganese; 


•  See  Klapiotb's  Contributions,  i.  399, 400.     t  81.  Ann.  de  Ghim.  93ft. 
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crown  glass  for  windows^  of  soda,  fine  silioeoas  sand,  lime,  and 
fragments  of  glass ;  green  bottle  glass^  of  sand,  kelp,  pearlash, 
clay,  and  fragments  of  glass ;  and  plafe  glass,  of  fine  sand,  soda, 
lime,  manganese,  oxide  of  cobalt,  and  fragments  of  glass. 
Pastes,  or  artificial  gemsy  are  only  another  variety  of  glass,  into 
the  composition  of  which  borax  generally  enters,  the  colour 
being  given  by  various  metallic  oxides.* 

(g)  With  a  larger  proportion  of  alkali,  as  three  or  four 
parts  to  one  of  silica,  this  earth  affords  a  compound,  called, 
by  Dr.  Black,  silicafed  alkali  This  compound,  formed  by 
the  process  which  has  been  just  described,  is  soluble  in  water, 
and  affords  a  good  example  of  the  total  change  of  the  pro- 
perties of  bodies  by  chemical  union ;  for,  in  a  separate  state, 
no  substance  whatever  is  more  difficult  of  solution  than  silica. 
The  solution  of  silicated  alkali  was  formerly  termed  liqum 
sUiatm,  or  liquor  of  Jlints.  Acids  seize  the  alkali,  and  pre- 
cipitate  the  silica,  which  is  even  separated  by  mere  exposure 
to  the  atmosphere,  in  consequence  of  the  absorption  of  car- 
bonic acid  by  the  alkali. 

{h)  Baryta  or  strontin,  and  silica,  combine  together,  in  a 
manner  similar  to  the  union  of  this  earth  with  alkalis;  but 
the  combination  has  not  been  applied  to  any  useful  purpose. 

.  (t)  When  a  solution  of  silica  in  potassa  is  mingled  with  one 
of  baryta,  of  strontia,  or  of  lime  in  water,  or  of  alumina  in 
alkali,  a  precipitation  ensues.  Hence  silica  may  be  inferred 
to  have  an  affinity  for  all  these  earths,  in  the  humid  way.  The 
composition  of  these  precipitates  is  stated  by  Mr.  Dalton  in 
his  System,  p.  541. 

In  consequence  of  its  possessing  a  stronger  affinity  for  al« 
kalis  and  earths  than  for  acids,  as  well  as  from  its  other  ha- 
bitudes, silica  has  been  thought  to  present  a  closer  analogy 
with  acids  than  with  earths,  and  in  a  chemical  arrangement 
to  be  more  properly  placed  in  the  former  class  than  in  the 
latter.  On  the  other  hand,  as  it  is  deficient  in  some  of  the 
characters  which  have  hitherto  been  deemed  essential  to  acid- 

•  See  Guyton,  Ann.  dc  Chim.  vol.  Ixxiii.  and  Aikin'5  Dictionary  of  Cbe- 
rnistry,  art.  Glass,  for  nn  excellent  account  of  the  several  varieties  of  glass. 
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ity,  I  have  not  thought  it  expedient  to  remove  it  from  the 
place  which  it  has  hitherto  held  in  chemical  arrangements. 

Silica  is  a  very  abundant  product  of  nature.  It  constitutes 
a  principal  ingredient  of  several  rocks  that  form  extensive 
mountain  masses,  such  as  granite ;  it  composes  a  large  pro- 
|)ortion  of  the  sand  found  in  the  beds  of  rivers,  and  on  the 
sea  shore;  and  it  enters  largely  into  several  minerals  of  rarer 
occurrence,  as  rock-crystal,  quartz,  flint,  chalcedony,  carne- 
lian,  opal,  &c«  It  constitutes  an  essential  ingredient  of  fenile 
soils,  and  renders  them  porous  and  open  to  the  transmission  of 
moisture.  In  the  arts,  its  most  imiK)rtant  application  is  to  the 
manufacture  of  glass,  and  a  certain  proportion  is  of  use  in  the 
composition  of  porcelain ;  for  absolutely  pure  clay,  without 
an  admixture  of  siliceous  earth,  would  shrink  too  much  to  be 
fit  for  the  uses  of  the  potter. 

Silicaled  Fluoric  Acid. 

Silicated  fluoric  acid  gas  may  be  prepared  by  pouring 
on  finely  powdered  fluor  spar,  mixed  with  half  its  weight  of 
pulverized  glass,  an  equal  weight  of  strong  sulphuric  acid.  It 
may  be  received  over  mercury  in  glass  vessels,  the  transpa- 
rency of  which  it  does  not  impair. 

1.  The  specific  gravity  of  this  gas  is  very  high,  100  cubic 
inches  of  it  weighing  110.78  grains.  By  causing  a  known 
volume  of  it  to  be  absorbed  by  liquid  ammonia.  Dr.  John  Davy 
separated  the  silica,  which  he  found  to  weigh  61.4  per  cent, 
of  the  weight  of  the  gas.  When  absorbed  by  water,  much  of 
the  silica  is  deposited,  and  it  retains  only  54.5  per  cent,  of 
that  earth  in  combination.  To  this  liquid.  Dr.  Davy  gave  the 
name  of  sub^silicaied  fluoric  acid. 

2.  Water  absorbs  about  263  volumes  of  the  gas,  and  the  so- 
lution may  be  kept  in  glass  vessels  without  corroding  them. 

3.  It  condenses  twice  itsvolume,  and  no  other  proportion, 
of  ammoniacal  gas,  forming  a  dry  white  salt,  which  is  slightly 
acid,  deposits  silica  by  solution  in  water,  and,  when  its  concen- 
trated solution  is  boiled  in  glass  vessels,  powerfully  corrodes 
them.     By  adding  an  excess  of  liquid  ammonia,  the  whole  of 
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the  silica  ii  precipitated,  and  a  pare  flaate  of  amnonia  ii  ob» 
tained. 

4.  The  effects  of  heating  potassium  in  silici-flnoric  gas  bsve 
alreadj  been  described  in  the  chapter  on  Flaorine* 


APPENDIX. 


DESCRIPTION  OF  THE  COPPER  PLATES. 

\To  facilitate  the  reference  to  the  Plates^  they  are  placed  at 

the  end  of  the  Second  FblumeJ] 

PLATE  I, 

Fig.  1.  (a)  A  plain  retort^  the  neck  of  which  is  shown  in-^ 
troduced  a  proper  length  into  the  month  of  a  plain  receiver  I. 
These  may  be  made  of  any  size^  from  the  capacity  of  a  few 
drachms  to  that  of  several  gallons,  and  either  of  white  or  green 
glass.  The  latter  material  has  the  advantage,  when  solids  are 
distilled,  of  being  much  less  fusible  than  flint  glass. 

Fio.  2.  A  glass  alembic;  a  the  body,  and  ^  the  head, 
which  are  ground  so  as  to  fit  accurately,  and  may  be  separated 
when  necessary.  The  head  b  is  so  shaped,  that  any  liquid^ 
which  may  be  condensed,  collects  into  a  channel,  and  is  car- 
ried by  the  pipe  c  into  the  receiver. 

Fig.  3.  A  separator^  for  separating  liquids  of  different 
specific  gravities.  It  is  furnished  with  a  ground  stopper  at  cr, 
and  a  glass  stop-cock  at  b.  The  vessel  is  filled  with  the  liquids 
that  are  to  be  separated  (oil  and  water  fgr  example),  which 
are  allowed  to  stand  till  the  lighter  has  completely  risen  to  the 
top.  The  stopper  a  is  then  removed,  and  the  cock  b  opened^ 
through  which  the  heavier  liquid  descends ;  the  cock  being 
shut,  as  soon  as  the  lighter  one  is  about  to  flow  out. 

Fio.  4.  A  glass  vessel,  termed  a  mattrass,  useful  for  efiect- 
ing  the  solution  of  bodies,  which  require  heat  before  they  can 
be  dissolved,  or  long  continued  digestion.  The  upper  extre- 
mity of  the  long  neck  generally  remains  cool,  and  allows  the 
vessel  and  ita  contenta  to  be  shaken  occasionally. 
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Fig.  5.  A  glass  bottle  with  a  very  thin  bottom^  and  a  pro- 
jecting ring  round  the  neck  for  suspending  it  over  a  lamp. 
These  are  useful  for  effecting  solutions  on  a  small  scale. 

Fig.  6.  An  apparatus  contrived  by  Mr.  Pepys,  for  ascet- 
taining  the  quantity  of  carbonic  acid  discharged  from  any  sd' 
stance  by  the  addition  of  an  acid.  It  consists  of  a  bottle  closed 
by  a  ground  stopper.  This  stopper  is  perforated,  and  forms 
the  lower  part  of  a  tubci  which  is  twisted  into  the  shape  of  a 
still-worm.  In  this  worm,  any  water,  that  escapes  along  with 
the  gas,  is  condensed,  and  fails  down  again  into  tlie  bottle. 
The  loss  of  weight  is  determined  at  the  close  of  tlie  effer- 
vescence. 

Fig.  7.  Mr.  Leslie's  differential  thermometer  described, 
vol.  i.  p.  93. 

Fig.  8.  (a)  An  air  thermometer^  for  ascertaining  the  tem- 
perature of  liquids.  It  consists  of  a  bottle,  partly  filled  with 
any  coloured  liquid,  and  partly  with  air,  a  glass  tube  of  small 
bore,  open  at  both  ends,  being  either  cemented  or  hermeti- 
cally sealed  into  the  bottle,  so  that  its  lower  extremity  may 
nearly  touch  the  bottom  of  the  bottle.  The  expansion  of  the 
included  air,  on  the  application  of  heat,  drives  the  coloured 
liquid  up  the  tube,  and  to  an  extent  which  may  be  measured 
by  the  application  of  a  scale.  The  fig.  b  is  another  variety  of 
the  same  instrument,  described  vol.  i.  p.  92. 

Fig.  9.  The  original  air  ihermomeier  of  Sanctorio;  see 
vol.  i.  p.  91. 

Fig.  10.  A  bent  funnel  for  introducing  liquids  into  retorts, 
without  soiling  their  necks. 

Fig.  11.  An  adopter.  The  wider  end  admits  the  neck  of 
a  retort;  and  the  narrower  is  passed  into  the  mouth  of  a  re- 
ceiver. 

Fig.  1 2.  A  section  of  an  evaporating  dish  of  Wedgwood* 
ware.  Under  this  figure,  is  a  representation,  12  o,  of  a  small 
brass  prong  with  a  wooden  or  other  handle,  for  holding  an 
evaporating  glass  over  a  lamp. 

Fig.  13.  (a)  A  tubulated  retort  luted  to  {b)  a  (juilled  re- 
ceivtrj  the  pipe  of  which  enters  the  neck  of  a  bottle  (c)  sup- 
porteil  by  a  block  of  wood. 

Fig.  14.  Different  forms  of  jars  for  precipitations,  withlipt 
for  conveniendy  decanting  the  fluid  from  the  precipitate. 
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Fig.  15.  A  tube,  blown  in  the  middle  into  a  ball,  for 
dropping  liquids.  The  ball  is  filled  by  the  action  of  the  mouth 
applied  to  the  upper  orificei  while  the  lower  one  is  immersed 
in  the  liquid ;  or  by  immersing  the  ball  and  tube  with  its 
point  downwards,  in  the  liquid  intended  to  be  introduced. 
The  finger  is  then  applied  to  the  upper  orifice,  and,  on  cau- 
tiously removing  it,  the  liquid  is  expelled  in  drops. 

Fig.  16.  A  bottle  for  ascertaining  the  specific  gravity  of 
liquids.  When  filled  up  to  t  mark  on  the  neck,  with  distilled 
water  of  a  given  temperature,  it  should  hold  exactly  an  even 
number  of  grains;  and  a  scries  of  such  bottles  holding  re- 
spectively 200,  300,  500,  800,  and  1000  grains  will  be  found 
extremely  useful.  The  quantity,  which  it  is  found  to  contain, 
of  any  other  liquid  of  the  same  temperature,  shows  at  once 
the  specific  gravity  of  the  latter.  For  example,  if  it  hold 
1000  grains  of  water,  and  1849  of  sulphuric  acid,  the  specific 
gravity  of  the  latter  is  to  that  of  water  as  1849  to  1000. 

PLATE  II. 

Fig.  17.  An  apparatus  for  procuring  gases,  without  the 
possibility  of  their  escaping  into  the  room  during  the  process, 
a  circumstance  which  is  of  importance,  when  the  gas  has  an 
unpleasant  smell  or  deleterious  propeities.  Suppose  that  sul- 
phureted  hydrogen  gas  is  to  be  obtained  from  sulphuret  of 
antimony  and  diluted  sulphuric  acid.  The  sulphuret,  in  coarse 
powder,  is  put  into  the  body  of  the  gas  bottle  c,  with  a  proper 
quantity  of  water.  The  acid  holder  a  is  filled  with  diluted 
acid,  the  cock  h  being  shut,  and  is  then  fixed  into  the  tubu- 
lareofthe  gas  bottle,  to  which  it  is  accurately  adapted  by 
grinding.  The  bent  tube  d  being  made  to  terminate  under  a 
receiver  filled  with,  and  inverted  in  water,  the  perforated  cock 
b  is  gradually  opened,  in  consequence  of  which  the  acid  de- 
scends into  the  gas  bottle ;  and  acts  on  the  sulphuret  of  anti- 
mony. If  it  be  found  necessary  to  renew  the  acid,  without  dis- 
turbing the  apparatus,  this  may  be  done  as  follows.  The  cock 
b  being  shut,  the  stopper,  which  closes  the  acid  holder,  may 
be  removed,  and  fresh  acid  be  poured  in,  through  the  aper- 
ture. This  may  be  repeated  as  ollen  as  is  found  necessary. 
The  acid  holder  may  be  advantageously  adapted  to  a  retort 
for  certaiii  distillations»  such  ai  that  of  muriiitic  add*    The 
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ahape,  also,  of  the  vessel  c  may  be  occasionally  varied,  at  oon- 
▼enience  may  require.  When,  for  example,  it  is  shaped  like 
the  bottom  part  of  a  Nooth's  machine  (to  be  seen  in  almost 
every  glass  shop),  it  stands  mucli  more  firmly  on  a  table  for 
use* 

Fick  18.  A  plain  gas  bottle  with  sigmoid'  tube,  the  end, 
which  is  received  into  the  bottle,  having  a  ground  stopper  a^ 
curately  fitted  to  the  neck.  For  ordbiary  purposes  (such  as 
obtaining  hydrogen  gas  firom  diluted  sulphuric  acid  and  iron 
filings)  this  apparatus  answers  perfectly  well,  and  is  much  loi 
costly  than  tliat  represented  by  fig.  1  ?•  It  is  fi^uendy  made 
with  a  tubulure  and  glass  stopper,  and  is  then  called  a  tttba^ 
lated  gas  bottle. 

Fia.  19.  yl  gas  funnel,  useful  in  transferring  any  gas,  frcni 
a  wide-mouthed  vessel  into  ajar  of  narrower  diameter,  or  into 
a  bottle.  When  emploj'ed  for  this  purpose,  it  is  held  invertd, 
as  shown  by  the  figure,  the  pipe  being  admitted  into  the  apo^ 
tu re  of  the  bottle  or  jar,  which  is  filled  with  and  inverted  io 
water,  and  the  gas  is  then  made  to  pass  into  it  in  bubbles. 

Fig.  20.  Dr.  Hofxfs  Eudiometer.  The  manner  of  osing 
it  has  already  been  described,  vol.  L  p.  289. 

Fig.  21.  A  modification  of  Dr.  Hope's  Eudiometer  d» 
scribed,  vol.  i.  p.  290. 

Fio.  22.  A  gas  receiver y  into  the  neck  of  which  is  cemented 
a  brass  cap,  with  a  female  screw  for  receiving  a  stop-cock. 
The  vessel  ^  is  a  glass  flask,  which  may  be  made  to  communi- 
cate with  the  interior  of  the  jar  tf,  by  opening  the  two  air 
cocks.  Supposing  that  the  weight  of  any  gas  is  to  be  ascer- 
tained, the  flask  b  is  exhausted,  by  screwing  it  on  the  traosier 
of  an  air-pump;  and,  if  great  accuracy  be  required,  it  is  pro- 
per to  measure  the  degree  of  exhaustion  by  a  fit  gage,  l^ 
the  flask  be  weighed  when  exhausted  ;  then  screw  it  upon  i^ 
top  of  the  receiver  containing  the  gas  which  is  to  be  weighed; 
and  open  the  communication,  observing,  by  using  a  grs- 
duated  jar,  how  much  gas  has  been  admitted.  Suppose  thii 
to  be  50  cubic  inches.  By  weighing  the  flask  again  wbca 
full,  wo  determine  the  weight  of  50  cubic  inches  of  the  g» 
under  examination.  The  experiment  should  be  made  when 
the  temperature  of  the  room  is  60^,  and  when  the  baromtter 
'ouds  at  90  inclies  (see  vol.  i.  p.  19)« 
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Fig,  23.  A  plain  air-jar  for  receiving  gases,  with  a  ground 
stopper. 

Fig.  24.  An  endiomeler  for  trying  tlie  purity  of  a  mixture 
of  gases  containing  oxygen  gas,  by  means  of  nitrous  gas.  The 
process  has  alremly  been  described,  vol.  i.  p.  808.  The  instru- 
ment should  be  accompanied  with  a  phial,  holding,  when 
completely  full,  precisely  a  cubic  inch. 

Fig.  25.  A  wire  stand,  with  a  leaden  foot,  for  the  purposet 
of  raismg,  above  the  surface  of  water  within  a  jar,  any  subr 
stance  which  is  to  be  exposed  to  the  action  of  a  gas. 

Fig,  25.  (a)  A  bottle  and  tube  for  directing  a  small  stream 
or  a  few  drops  of  water  on  any  object.  The  method  of  using 
it  is  described,  vol.  i,  page  11. 

Fig.  25.  {h)  A  bottle  with  an  elongated  stopper,  by  means 
of  which  a  single  drop  of  any  liquid  can  be  taken  up,  and 
allowed  to  fall  into  any  fluid  under  examination. 

Fig.  26.  An  apparatus  for  showing  that  caloric  exists  in 
gases  in  a  latent  form.  The  application  of  it  has  been  already 
described,  vol.  i,  p.  136. 

Fig.  27.  An  apparatus  for  drying  precipitates  by  steam, 
described,  vol.  i.  p.  12. 

Fig.  28.  A  graduated  tube  for  ascertaining  the  strength 
of  acids  and  alkalis,  and  for  various  other  useful  purposes. 

Fig.  29^  a  and  b.  Tubes  for  exploding  mixtures  of  hydrogen 
and  other  inflammable  gases  with  oxygen  gas,  commonly 
termed  the  Eudiometer  of  Folia  ;  see  vol,  i.  p.  236. 

PLATE  III. 

Fig.  30.  The  common  form  of  a  JVoulfe's  apparatus.  In 
(his  figure  the  retort  a  is  represented  plain^  but  it  is  better  to 
employ  a  tubulated  one.  The  use  of  this  apparatus  has  al- 
ready been  described,  vol.  i.  p.  7. 

Fig.  31.  A  modification  of  the  apparatus,  which  has  been 
already  described.  In  this  figure,  the  mercurial  trough  is 
shown  with  a  jar  standing  inverted  in  it,  for  the  purpose  of 
receiving  any  gas  that  may  escape  condensation  by  water. 

Fig.  32.  Mr.  Pepys's  improvement  of  Woulfe's  apparatus 
described,  vol.  i,  p,  8. 

yoL.  r.  2  s 
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PLATE  IV. 

Figs.  33  and  34.  Cuthbertson's  apparatus,  for  exhibiting 
the  composition  of  water,  with  the  substitution  of  gazonieten 
for  the  receivers  originally  employed  by  him.  The  apparatus 
has  been  described,  vol.  i.  p.  £46.  Fig.  33  is  an  enUirged 
view  of  the  conical  brass  piece,  which  is  cemented  into  the 
bottom  of  the  receiver,  and  through  which  the  gases  are 
transmitted. 

Fig.  35.  A  gazometer  of  the  most  simple  and  conmiQa 
construction ;  see  vol.  i.  p.  16. 

Fig.  36.     A  gas  holder,  described^  vol.  i.  p.  1  ?• 

Fig.  37.  A  galvanic  trough ;  see  vol.  p.  i.  167.  The  tube 
b  shows  the  arrangement  for  decomposing  water.  The  upper 
wire  may  be  hermetically  sealed  into  the  tube,  and  the  lower 
one  passed  through  a  cork,  which  should  have  a  small  slit 
cut  in  it,  to  allow  the  water  to  escape  in  drops  as  the  gas  is 
produced. 

Fig.  38.  The  manner  in  which  a  candle  may  be  burned  in 
oxygen  gas;  see  vol.  i.  p.  207. 

Fig.  39.  The  combustion  of  iron  wire  in  oxygen  gas,  rd, 
i.  p.  208. 

Fig.  40.  Apparatus  for  decomposing  water  over  red*bot 
iron  or  charcoal ;  see  vol.  i.  p.  2.50. 

Fig.  41.  An  apparatus  for  showing  the  diminution  eficctoi 
in  the  volume  of  hydrogen  and  oxygen  gases  by  their  slow 
combustion  ;  see  vol.  i.  p.  237. 

Fig.  42.  A  very  simple  and  cheap  contrivance  for  freezing 
quicksilver  by  muriate  of  lime  and  snow.  The  outer  vessel 
of  wood  may  be  twelve  and  a  half  inches  square,  and  seren 
inches  deep.  It  should  have  a  wooden  cover,  rabbeted  in, 
and  furnished  with  a  handle.  Within  this  is  placed  a  tin 
vessel  b  l^  standing  on  feet  which  are  one  and  a  half  iadi 
high,  and  having  a  projection  at  the  top,  half  an  inch  broad) 
and  an  inch  deep,  on  which  rests  a  shallow  tin  pan  c  f. 
Within  the  second  vessel  is  a  third  c/,  made  of  untinned  irooi 
and  supported  by  feet  two  inches  high.  This  vessel  is  four 
inches  square,  and  is  intended  to  contain  the  mercury.  When 
the  apparatus  is  used,  a  mixture  of  muriate  of  lime  and  snov 


.  OBSCaiPTION  OF  THB  P|.ATBf •  fi9f 

is  pilt  into  the  outer  vessel  a  a,  so  as  completely  to  surround 
the  middle  vessel  b  L  Into  the  latter,  the  vessel  J,  containing 
the  quicksilver  to  be  frozen,  previously  cooled  down  by  a 
freezing  mixture,  is  put;  and  this  is  immediately  surrounded 
by  a  mixture  of  snow  and  muriate  of  lime,  previously  cooled 
to  0^  Fahrenheit,  by  an  artificial  mixture  of  snow  and  com* 
mon  salt*  The  pan  c  c  is  also  tilled  with  these  materials,  and 
the  wooden  cover  is  then  put  into  its  place.  The  vessels  are 
now  left  till  the  quicksilver  is  frozen.  A  more  elegant,  but 
more  expensive  apparatus,  by  Mr.  Pepys,  intended  for  the 
same  purpose,  is  figured  in  an  early  volume  of  the  Philoso- 
phical Magazine. 

Fig.  43.  A  wire  stand,  consisting  of  an  interior  circle,  and 
three  straight  pieces  of  wire  proceeding  from  it  in  the  same 
plane.    Its  use  is  noticed,  vol.  i.  p.  209. 

Fig,  44.    Sir.  H.  Davy's  apparatus  for  the  analysis  of  soils^ 

PLATE  V. 

Fig.  45.  Pictet's  arrangement  of  an  apparatus  for  showing 
the  radiation  of  caloric,  unaccompanied  by  light;  see  vol.  I. 
p.  102. 

Fig.  46.  An  oval  copper  boiler,  (referred  to^  vol.  i.  p.  129) 
for  exhibiting  the  most  important  facts  respecting  latent  ca- 
loric.  The  size  of  its  different  parts  (except  the  width,  which 
is  4  inches)  may  be  learned  from  the  scale  affixed  to  the  platet 
which  is  abundantly  sufficient  to  enable  any  intelligent  work- 
man to  construct  the  apparatus.  The  collar  joint  and  stuffing 
box,  however,  it  is  indispensably  necessary  to  describe,  espe- 
cially as  tlie  former  article  of  apparatus  is  generally  constructed 
on  a  bad  plan. 

Fig.  47  is  a  section  upon  a  larger  scale,  of  the  collar  joint 
at  h  (fig.  46),  made  for  the  convenience  of  screwing  together 
long  or  crooked  metal  tubes,  without  turning  them  round : 
a  is  a  section  of  the  end  of  one  of  the  tubes,  and  b  that  of 
the  other  which  is  to  be  attached  to  it ;  c  is  a  collar  which 
turns  loose  upon  the  shoulder  of  a,  and  screws  upon  b.  By 
screwing  thi^  collar  upon  bj  the  end  e  e  oi  the  tube  a  is 
brought  to  press  upon  the  part  ddoi  the  tube  b^  without 

2  s  2 
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turning  round  either  of  those  tubes.  If  upon  d  be  laid  a  ring 
of  linen  cloth  soaked  in  boiled  linseed  oil,  the  joint,  when 
screwed  up  (if  tolerably  well  made),  will  be  impervious  to 
steam  as  well  as  to  water  or  air.  The  projection  at  d  is  for 
preserving  the  ring  of  cloth  from  being  displaced,  and  f<Nr 
guiding  the  ends  of  both  tubes,  so  as  to  meet  properly. 

Fio.  48  is  a  section  of  a  socket,  for  fixing  the  stem  of  a 
thermometer  into  a  boiler  or  a  digester,  where  there  is  much 
heat  and  pressure;  £  is  a  socket  fixed  on  the  outside  of  the 
boiler  or  digester,  having  a  hole  through  it  large  enough  to 
admit  the  bulb  of  the  thermometer ;  a  is  a  plug  which  screws 
into  bj  having  a  hole  through  its  centre  large  enough  to  admit 
only  the  stem  of  the  thermometer ;  r  c  is  a  loose  round  plate, 
concave  on  the  upper  side,  having  a  hole  through  its  centre 
just  sufiicient  also  to  admit  the  stem  of  the  thermometer. 
"When  the  instrument  is  to  be  inserted,  the  plug  a,  and  the 
plate  c,  must  both  be  taken  out  of  the  socket.     The  bulb  is 
then  passed  through  it.  .  The  plate  c  is  next  slipped  over  the 
stem,  and  dropped  into  its  place.     Some  flax,  soaked  in  lio- 
seed-oil,  must  next  be  wrapped  round  the  stem,  so  as  nearly 
to  fill  the  socket.     The  plug  a  must  then  be  screwed  in,  till 
the  flax  be  compressed  so  as  to  make  the  whole  suflSciently 
tight.     The  opix>site  surfaces  of  the  plate  c,  and  the  plug  a 
are  made  concave,  for  the  purpose  of  compressing  the  flax 
round  the  stem  of  the  thermometer.     The  gage  represented 
•above  the  cock  c  at  the  top  of  the  boiler  is  adapted  to  show  the 
density  of  the  steam,  by  its  effect  on  a  portion  of  air  confined 
by  mercury  ;  for  the  volume  of  the  air  will  of  course  be  in- 
versely as  the  compressing  force.     The  bent  part  of  tliis  gage 
and  small  ball  are  of  iron,  and  the  straight  part  only  where 
the  mercury  is  to  be  seen  through,  should  be  of  glass. 

PLATE  VL 

Figs.  49,  50,  51.     Sections  of  crucibles. 

Fig.  52.     A  muffle ;  see  vol.  i.  p.  5. 

Fig.  53.  Stands  for  raising  the  crucible  above  the  bars  of 
the  grate;  a  one  adapted  to  Mr.  Aikin's  blast  furnace;  b  one 
of  the  common  form. 
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Pio.  54?.     A  skittle-shaped  crucible. 

Fig.  55.  Mr.  Aikin's  portable  blast  furnace.  It  is  com- 
posed of  three  parts,  all  made  out  of  the  common  thin  black- 
lead  melting  pots,  sold  in  London  for  the  use  of  the* gold- 
smiths. The  lower  piece  c  is  the  bottom  of  one  of  these  pots, 
cut  off  so  low  as  only  to  leave  a  cavity  of  about  an  inch,  and 
ground  smooth  above  and  below.  The  outside  diameter  over 
the  top  is  five  and  a  half  inches.  The  middle  piece,  or  fire- 
place (7,  is  a  larger  portion  of  a  similar  pot,  with  a  cavity 
about  six  inches  deep,  and  measuring  seven  and  a  half  inches 
over  the  top,  outside  diameter,  and  perforated  with  six  blast 
holes  at  the  bottom.  These  two  ))ots  are  all  that  are  essen- 
tially necessary  to  the  furnace  for  most  operations ;  but  when 
it  is  wished  to  heap  up  fuel  above  the  top  of  a  crucible  con- 
tained within,  and  especially  to  protect  the  eyes  from  the  in- 
tolerable glare  of  the  fire  when  in  full  heat,  an  upper  pot  b 
is  added,  of  the  same  dimensions  as  the  middle  one,  and  with 
a  large  opening  in  the  side,  cut  to  allow  the  exit  of  the  smoke 
and  flame.  It  has  also  an  iron  stem,  with  a  wooden  handle 
(an  old  chisel  answers  the  purpose  very  well)  for  removing  it 
occasionally. 

The  bellows,  which  are  double  (rf),  are  firmly  fixed,  by 
a  little  contrivance  which  will  take  off  and  on,  to  a  heavy 
stool,  as  represented  in  the  plate ;  and  their  handle  should  be 
lengthened  so  as  to  make  them  work  easier  to  the  hand.  To 
increase  their  force  on  particular  occasions,  a  plate  of  lead 
may  be  firmly  tied  on  the  wood  of  the  upper  flap.  The  nozzle 
is  received  into  a  hole  in  the  pot  c,  which  conducts  the  blast 
into  its  cavity.  From  hence  the  air  passes  into  the  fire-place 
a,  though  six  holes  of  the  size  of  a  large  gimlet,  drilled  at  equal 
distances  through  the  bottom  of  the  pot ;  and  all  converging 
in  an  inward  direction,  so  that  if  prolonged,  they  would  meet 
about  the  centre  of  the  upper  part  of  the  fire.  Fig.  56  shows 
the  distribution  of  these  holes  in  the  bottom.  The  large 
central  hole  is  intended  to  receive  the  stand  cr,  fig.  53,  which 
serves  for  supporting  the  crucible. 

No  luting  is  necessary  in  using  this  furnace,  so  that  it  may 
be  set  up  and  taken  down  immediately.     Coke  or  common 
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cinders,  taken  from  the  fire  when  the  coal  just  ceases  to  blaze, 
sifted  from  the  dust,  and  broken  into  very  small  pieces,  forms 
the  best  fiiel  for  higher  heats.  The  fire  may  be  kindled  at  first 
.  by  a  few  lighted  cinders,  and  a  small  quantity  of  wood-charcoaL 

The  heat  which  this  little  furnace  will  afford  is  so  intense^ 
that  its  power  was,  at  first,  discovered  accidentally  by  the 
fusion  of  a  thick  piece  of  cast  iron.  The  utmost  heat  procured 
by  it  was  16?^  of  Wedgwood's  pyrometer  piece,  which  was 
withdrawn  from  a  Hessian  crucible,  when  actually  sinking 
down  in  a  state  of  porcellanous  fusion.  A  steady  heat  of  155° 
or  160^  may  be  depended  on  if  the  fire  be  properly  managed, 
and  the  bellows  worked  with  vigour.* 

By  a  letter  from  Mr.  Aikio,  I  have  learned,  also,  a  con- 
.venient  way  of  exhibiting,  in  a  lecture,  and  performing  at 
other  times,  the  process  of  cupellation,  by  means  of  this  fur- 
nace. It  consists  in  causing  a  portion  of  the  blast  to  be  di- 
verted from  the  fuel,  and  to  pass  through  a  crucible  in  which 
the  cupel  is  placed.  This  arrangement  supplies  air ;  and  the 
whole  may  be  seen  by  a  sloping  tube,  run  through  the  cover 
of  the  crucible.  Fig.  57  shows  the  furnace  when  used  for  this 
purpose ;  a  a  the  furnace ;  I  the  perforated  stopper  for  the 
central  blast ;  r  c  a  portion  of  earthen  tube,  through  which 
the  air  passes,  and  is  heated  during  this  transit;  e  a  piece  of 
soft  brick  perforated  to  admit  the  earthen  tubey^  which  may 
be  kept  open  for  inspecting  the  process.  No  luting  is  re- 
quired, except  to  join  y  to  e. 

It  maybe  proper  to  add  that  Mr.  Aikin  has  lately  (1823) 
made  considerable  improvements  in  this  useful  little  furnace, 
which  may  be  had,  thus  altered,  of  Mr.  Knight  in  Foster-lane. 
The  principal  one  is  the  enlargement  of  the  air  chamber  c. 
In  using  the  lurnace,  Mr.  Aikiu  has  found  that  its  power  is 
greater  when  the  pipe  of  the  bellows  is  not  actually  introduced 
into  the  opening  leading  to  the  air  chamber,  but  kept  at  the 
distance  of  from  one  to  two  inches.  He  prefers,  also,  a  straight 
tube  of  communication  between  the  bellows  and  the  air  cham- 
ber, in  preference  to  one  bent  as  shown  in  the  figure. 


•  See  Philosophical  Magazine^  vol.  xvii,  p.  100, 
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Fig.  58.  Knight's  portable  fumncei*  composed  of  stfx>ng 
iron  plate  lined  wilh  fire  lute,  the  inside  diameter  six  inches : 
a  shows  the  grate;  b  the  &sh  pit  door ;  d  the  door  of  the  fire- 
place when  used  as  a  sand  heat;  e  e  two  holes  opposite  to  each 
other  for  transmitting  a  tube;  g  an  opening  for  a  retort  neck, 
when  used  for  distilling  with  the  naked  fire. 

Fig.  59.  A  different  view  of  the  same  furnace;  a  the 
grate;  c  the  register  to  the  ash  pit;  /  a  small  door,  with  a 
contrivance  for  supporting  a  muffle.  The  other  letters  cor- 
respond with  the  explanation  of  the  preceding  figure. 

For  this  furnace  the  proper  fuel,  when  it  is  used  as  a  wind 
furnace,  is  wood-charcoal,  either  alone,  or  with  the  admixture 
of  a, small  proportion  of  coke.  For  distillation  with  a  sand 
heat,  charcoal,  with  a  little  pit  coal,  may  be  employed. 

PLATE  VII. 

Fig.  60  represents  a  fixed  furnace,  which  I  find  very  useful, 
because  it  may  either  be  employed  as  a  wind  furnace  or  for 
distillation  with  a  sand  heat  Its  total  height  outside  is  tliirty- 
three  inches,  and  the  outside  square  is  eighteen  inches,  or 
two  bricks  laid  lengthwise.  The  thickness  of  the  sides  of  the 
furnace  is  the  breadth  of  a  brick,  or  four  and  a  half  inches; 
but  whenever  there  is  room,  it  is  better  to  make  them  nine 
inches  in  thickness.  From  the  top  of  the  furnace  to  the 
grate,  which  is  moveable,  and  supported  by  two  bearers,  the 
height  is  thirteen  inches;  and  at  c  is  a  double  Rumford  door; 
or  in  preference,  a  hole  closed  by  a  moveable  earthen  stopper 
for  introducing  fuel.  The  ash  pit  should  have  a  register 
door.  The  chimney  is  four  inches  wide  by  three  high,  and 
may  either  be  furnished  with  a  damper  or  not.  On  the  top 
of  the  furnace  a  cast-iron  ring  is  fixed,  ten  inches  inside 
diameter,  three  inches  broad,  and  half  an  inch  thick.  It  is 
secured  in  its  place  by  three  iron  pins,  passmg  through  three 
equidistant  holes  in  the  ring,  and  bent  at  the  distance  of  nine 
inches  at  a  right  angle.  These  serve  the  purpose  of  binding 
the  ring  firmly  into  the  brick-work.  The  sand  pots  are  of  dif- 

*  This  furnace  is  also  described  in  vol.  i.  p.  9,  3. 
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ferent  sizes ;  and  a  variety  of  them  may  he  made  to  fit  the  same 
ring,  by  varying  the  breadih  of  their  rims,  as  shown  fig.  71. 
The  bricks  should  be  cemented  together,  at  least  for  the  inner 
half  of  their  breadth,  by  loam,  or  by  a  mixture  of  Stourbridge 
clay,  with  two  or  three  parts  sand,  and  a  proper  quantity  of 
water. 

When  tliis  is  used  as  a  wind  furnace,  the  opening  in  the 
side  is  to  be  closed  by  its  stopper ;  or,  if  a  Rumford  door  be 
employed,  it  must  be  defended  from  the  fuel  by  a  fire  tile. 
The  fuel  (coke)  is  introduced  at  the  top,  which  is  occasionally 
covered  by  a  fire  tile.  When  distillation  with  a  sand  beat  is  ' 
performed,  the  sand  pot  rests  on  the  iron  ring,  and  the  fuel, 
which  may  be  common  pit  coal,  is  added  through  the  opening 
in  the  side.  It  may  be  proper  to  state,  that,  in  order  to  receive 
a  sand  pot  of  as  large  a  size  as  possible,  the  upper  course  of 
bricks  should  be  bevelled  within  the  furnace ;  and  the  width 
at  the  top  may  exceed  a  little  that  at  the  grate. 

The  best  Stourbridge  or  Newcastle-qn-Tyne  fire-bricks  are 
necessary  in  constructing  this  and  the  following  furnaces. 

Fig.  61  is  a  longitudinal  section  of  a  wind  furnace,  invented 
by  Mr.  Knight,  with  an  additional  chamber  for  applying  tbe 
waste  heat  to  useful  purposes :  a  the  internal  cavity,  which  b 
square,  for  containing  the  fuel  and  the  crucible :  b  the  flue 
passing  into  a  hot  chamber  c ;  an  appendage  particularly 
useful  for  drying  luted  crucibles,  or  bringing  them  to  a  proper 
temperature  for  the  furnace ;  for  roasting  ores  and  various 
other  purposes:  d  the  flue  connecting  it  with  the  vertical 
chimney  e;  which,  to  produce  a  strong  heat,  should  never  be 
less  than  thirty  or  forty  feet  high :  Jf  covers,  consisting  of 
twelve-inch  Welsh  tiles,  with  handles:  g  the  stoke  hole, 
through  which  no  more  of  the  fire  is  seen  than  what  appears 
between  the  grate  and  the  bearing  bar  A.  This  space  is  left 
for  the  double  purpose  of  raking  the  fire,  and  occasionally 
taking  out  the  bars:  *  the  ash  pit,  which  is  sunk  below  the 
level  of  the  ground,  and  is  covered,  where  it  projects  at  /,  by 
an  iron  grating. 

The  best  situation  for  this  furnace,  is  an  angle  of  the  labo- 
ratory, the  chimney  being  in  the  corner,  as  represented  in  the 
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sketch.  By  this  arrangement,  the  operator  is  spared  the  dis» 
agreeable  necessity  of  scorching  his  legs,  by  standing  opposite 
the  stoke  hole,  while  the  backs  of  his  legs  are  exposed  to  a 
current  of  cold  air  rushing  to  the  furnace. 

Figs.  62  and  63  are  different  views  of  a  furnace  invented  by 
Mr.  Knight,  and  convertible  to  various  purposes. 

The  inside  of  this  furnace  is  nine  inches  square,  and  sixteen 
inches  deep  from  the  top  to  the  grate.  The  face  of  the  open- 
ing at  g  rises  at  an  angle,  which  makes  the  back  part  five 
inches  higher  than  the  front*  This  contrivance  enables  us 
completely  to  cover  a  large  retort  with  fuel,  without  obstruct- 
ing the  passage  of  the  air,  and  also  relieves  partly  the  weight 
of  the  cover,  when  it  requires  to  be  moved.  The  walls  of  the 
furnace  are  at  least  a  brick  and  a  half  thick,  and  as  much 
more  as  local  convenience  will  allow.  By  sinking  the  ash  pit 
below  the  level  of  the  ground,  at  i,  the  height  of  the  furnace 
needs  not  exceed  eighteen  inches,  which  renders  the  manage- 
ment of  the  fuel  much  more  easy,  and  subjects  the  face  and 
hands  less  to  the  action  of  the  heat  The  ash  pit  a,  must  be 
at  least  eighteen  inches  deep,  below  the  surface  of  the  ground, 
and  more  if  convenient.  It  must  have  an  opening,  projecting 
from  it  three  or  four  feet,  to  be  covered  with  boards,  and  with 
an  iron  grating  next  the  furnace.  This  preserves  the  legs  of 
the  operator  from  the  action  of  the  fire. 

The  grate  b  is  formed  of  separate  bars,  each  of  a  triangular 
shape,  three-fourths  of  an  inch  apart,  and  resting  on  two 
bearers.  In  the  front  of  the  furnace,  an  iron  bar  is  to  be 
placed  to  support  the  brick-work,  and  to  leave  an  o|)eningi 
through  which  the  bars  may  occasionally  be  drawn  out,  and 
the  fire  raked  and  cleared  of  the  slag.  The  chimney  e  is  t^o 
and  a  half  inches  from  the  top,  and  four  and  a  half  wide  by  two 
and  a  half  high. 

To  fit  this  furnace  for  occasional  distillation  with  the  naked 
fire,  an  opening  dy  fig.  62,  is  left  on  one  side,  which  is  filled 
up,  when  not  wanted,  by  five  pieces  of  soft  fire-brick,  cut  to  a 
proper  shape,  and  secured  by  a  clay  lute.  It  is  proper,  also, 
to  be  provided  with  other  pieces,  having  arched  openings  for 
transmitting  the  neck  of  a  retort.  One  of  these  pieces  may 
have  a  round  hole  for  occasionally  transmitting  a  tube^  and 
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A  corresponding  holfi  th  fig*  63}  roust  then  be  made  io  the 
<^posite  side  of  the  furnace}  to  be  closed}  when  not  wanted, 
with  a  stopper. 

Figs.  64  and  65  represent  a  sand  heat}  for  containing  flat 
^etaporating  vessels;  the  depth  from  back  to  firont  two  feet; 
the  width}  agreeably  to  the  scale}  six  feet.  At  the  front  is  a  rim 
four  inches  deep}  consisting  of  a  piece  of  iron  plate^  which  is 
fastened  at  each  end  into  the  wall.  The  floor  or  bottom  e  e^ 
is  formed  of  cast-iron  plates*  which  rest  upon  each  othor  in 
corresponding  rabbets.  The  advantage  of  several  small  piatOi 
over  one  large  one,  is  the  cheapness  and  facility}  with  which 
they  are  replaced}  if  cracked  by  the  heat}  an  accident  of  not 
unfrequent  occurrence.  The  joints  are  secured  by  a  fire  Ipte^ 
which  effectually  prevents  the  sand  from  falling  throogb. 
The  fire  place  Is  shown  by  2^;  at  the  bottom  it  has  a  grate  ten 
inches  long,  by  eight  wide.  The  flame  and  smoke  circulsie 
first  through  the  flue,  Cj  and  then  through  the  returning  flue^i^ 
which  conveys  the  smoke  to  the  chimney  g.  In  coostructing 
the  flue  beneath  the  grate^  a  row  of  bricks,  set  cdgewtji, 
answers  the  purpose}  and  serves  also  to  support  the  inner  edge 
of  the  plates. 

It  is  advisable  to  cover  the  sand  heat  with  a  doping  rooC 
which  may  be  formed  of  lath  and  plaster,  and  supported 
by  side  walls.  The  lowest  part  of  the  roof  may  be  foremost 
and  about  three  feet  above  the  edge  of  the  iron  plates.  It  is, 
also,  necessary  io  have  an  air  flue,  nearly  at  the  top  of  the 
back  wall,  under  the  dome  or  roof,  to  be  closed  occasionslly 
by  a  door.  This  must  open  into  the  chimney,  in  which  case 
it  serves  the  purpose  of  carrying  off  noxious  vapours. 

PLATE  VIII. 

Figs.  66,  67,  68,  are  the  section  and  plans  of  a  reverber- 
atory  furnace  for  experimental  purposes.  In  this  furnace,  the 
fuel  is  contained  in  an  interior  fire-place;  and  the  substance^ 
to  be  submitted  to  the  action  of  heat,  is  placed  on  the  floor  of 
another  chamber,  situated  between  the  front  one  and  the 
chimney.  The  flame  of  the  fuel  passes  into  the  second  com* 
partmcnt;  by  the  form  of  which  it  is  co(icenti*ated  upon  the 


]>lSCEtPTION  OF  TAB  VtATB».  635 

snbstance  exposed  to  beat,  which  is  not  confined  in  a  separate 
▼esBel  or  crucible^  but  placed  on  the  floor  of  the  furnace. 
When  reduced  to  a  state  of  fusion,  the  melted  mass  is  allowed 
to  flow  out  through  a  tap-hole  at  h.  The  dimensions  of  this 
furnace  it  is  scarcely  possible  to  state,  as  they  vary  so  consi- 
derably in  difierent  parts  of  it ;  but  they  may  be  ascertained 
by  referring  to  the  figures,  and  by  the  application  of  the  scale. 
In  all  three  figures  a  represents  tiie  ash  pit ;  b  the  grate  com- 
posed of  moveable  bars ;  c  the  door  at  which  the  fuel  is  intro- 
duced ;  d  a  door  in  the  side  of  the  chamber,  for  the  purpose 
of  inspecting  the  process ;  e  the  floor  of  the  furnace  which  de^ 
soends,  and  is  gradually  contracted  towards  the  back  part ; 
f  another  door  for  introducing  and  stirring  the  materials ;  g 
the  back  part  of  the  furnace,  immediately  under  the  chimney; 
A  the  tap-hole;  t  the  chimney. 

Figs.  69  and  70,  exhibit  a  cupelling  or  enamelling  furnace. 
The  form  of  this  should  be  an  oblong  square;  its  dimensions 
being  regulated  by  that  of  the  muffle,  which  should  go  home, 
to  the  back,  its  front  edge  lodging  on  the  mouth  of  the  fur- 
nace. On  each  side  of  the  muffle,  two  inches  and  a  half  must 
be  left,  to  let  the  fuel  pass  readily  underneath^  where  there 
ihould  also  be  a  similar  space.  A  stoke  hole  must  be  left  on 
the  other  side,  but  the  situation  of  the  view  will  not  admit  its 
being  shown.  Before  the  muffle,  is  a  projecting  ledge  or  shelf, 
Aown  at  e,  which  is  intended  to  support  any  thing  that  is  to 
be  put  into  the  muffle.  Two  twelve- inch  tiles,  worked  in 
along  with  the  bricks,  will  answer  this  purpose.  In  both 
figures,  a  shows  the  ash  pit;  c  the  grate;  d  the  muffle;  e  the 
caning  for  introducing  the  muffle;  /the  chimney,  and  g  the 
cover. 

Fig.  71.     Sand  pots  with  rims  of  different  sizes. 

Figs.  7^,  73.  Dr.  Black's  portable  furnace,  made  of  sheet 
iron  lined  with  fire  clay.  Its  dimensions,  as  they  vary  in  al- 
most every  part,  will  best  be  learned  from  the  scale ;  a  the  fire 
place;  b  the  chimney:  c  the  ash  pit;  d  the  door  of  the  ash 
pit;  esL  register  for  regulating  the  quantity  of  air  admitted  to 
pass  through  the  fuel. 

Fig.  74.  Mr.  Chenevix's  wind  furnace.  This  is  rudely 
sketched  in  Nicholson's  Journal,  from  which  the  more  accu- 
rate figure  in  plate  viii.  is  taken.    This  furnace  Mr.  Chenevix 
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describes  as  foliows:  ^^I  have  constructed  a  wind  furnace, 
which,  in  some  respects,  is  preferable  to  the  usual  form.  The 
sides,  instead  of  being  perpendicular,  are  inverted  ;  so  that  the 
hollow  space  is  pyramidal.  At  the  bottom  the  space  is  twelve 
inches  square,  and  at  the  top  only  eight.  The  perpendicular 
height  is  seventeen  inches,  from  the  top  to  the  grate.  This 
form  unites  the  following  advantages.  1 .  A  large  surface  is 
exposed  to  the  air,  which,  having  an  easy  entrance,  rushes 
through  the  fuel  with  great  rapidity.  2.  The  inclined  sides 
act  as  reverberators.  3.  The  fuel  falls  of  itself,  and  is  always 
close  to  the  grate." 

In  the  figure,  a  represents  tlie  grate ;  c  c  are  two  bricks 
which  can  be  let  in  at  pleasure,  to  diminish  the  capacity :  h  is 
another  grate  which  can  be  placed  on  the  bricks  c  c,  for  occa- 
sional purposes  :  dd  are  bricks,  which  can  be  placed  on  the 
grate  (,  to  diminish  the  capacity  of  this  part  of  the  furnace; 
e  the  cover.  Both  set  of  bricks  should  be  ground  to  tlie  slope 
of  the  furnace. 

In  the  construction  of  every  furnace,  which  is  intended  to 
produce  a  strong  heat,  lime  or  mortar  should  be  avoided,  and 
the  bricks  sliould  be  set  in  loam,  or  Stourbridge  clay,  worked 
up  with  water  and  sand,  inserting  occasionally  pieces  of  sheet 
iron,  bent  twice  in  opposite  directions  at  right  angles.  The 
furnace  should  be  allowed  to  remain  some  weeks,  after  setting 
up,  before  it  is  used ;  and  before  raising  a  strong  heat,  a  gentle 
fire  should  be  sometimes  kindled  in  it,  the  strength  of  nhich 
may  be  gradually  increased.  When  a  strong  blast  is  expected, 
it  is  necessary  to  bind  the  brick-work  together,  externally,  by 
strong  iron  bars  and  plates,  kept  in  their  places  by  screws. 
The  chimney  should  be  nine  inches  wide,  and  raised  to  as 
great  a  height  as  circumstances  will  admit. 

The  coke  of  pit  coal  is  the  only  fuel  fitted  for  exciting  an 
intense  heat,  and  should  be  used  in  all  cases,  except  in  lh<? 
reverberalory,  and  in  distillations  with  the  sand  bath,  when 
pit  coal  may  be  employed.  The  charcoal  of  wood  is  adapted 
principally  to  portable  furnaces. 

PLATE  IX. 

Fig.  75.  The  galvanic  battery  called  couronne  de  iasseH 
described  vol.  i.  p.  168. 
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Fig.  76.  Apparatus  for  obtaining  the  elements  of  water  in 
separate  tubes ;  see  vol.  i.  p.  177. 

Fig.  77.  The  pile  of  Volta;  see  vol.  i.  p.  167.  The  tube 
annexed  to  the  pile  is  for  the  purpose  of  showing  the  decom* 
position  of  water;  see  vol.  i.  p.  176. 

Fig.  78.  Section  of  a  galvanic  trough,  to  explain  the 
theory  of  the  excitation  of  galvanic  electricity;  see  vol.  i. 
p.  188. 

Fig.  79.  Apparatus  for  obtaining  oxygen  and  hydrogen 
gases,  from  separate  quantities  of  water  not  in  contact  with 
each  other;  see  vol.  i.  p.  177. 

Fig.  80.  Two  agate  cups  connected  by  moistened  amian- 
thus; see  vol.  i.  178. 

Fig.  81.     Two  gold  cones  similarly  connected,  p.  179. 

Fig.  82.  Agate  cups  similarly  connected  with  an  interme- 
diate vessel  f ;  see  vol.  i.  p.  180. 

Fig.  83.     Apparatus  for  procuring  potassium  from  potassa 
and  iron  filings.     A  better  apparatus  for  this  purpose  is  re- 
presented by  the  wood  cut,  vol.  i.  p.  501. 
.   Fig.  S^.     Apparatus  for  firing  gases  by  electricity,  or  sub- 
mitting them  to  electrical  discharges,  vol.  i.  p.  19. 

Fig.  85.  Pepys's  improved  gas-holder :  a  a  small  iron  re- 
tort placed  in  the  fire  with  a  jointed  conducting  tube  £,  which 
is  admitted  into  the  vessel  at  c.  This  is  shown  on  a  larger 
scale  in  a  different  part  of  the  plate.  The  letter  d  is  placed  on 
the  body  of  the  reservoir,  and  near  the  central  pipe,  which 
descends  from  the  cistern  e  to  nearly  the  bottom  of  the  vessel. 
Aty*a  glass  tube  is  fixed,  which  shows  the  height  of  the  water 
within  the  vessel.  When  a  jar  is  intended  to  be  filled  with 
gas  from  the  reservoir,  it  is  placed,  filled  with  water  and  in- 
verted, in  the  cistern  e.  The  cocks  1  and  2  being  opened,  the 
water  descends  through  the  pipe  attached  to  the  latter,  and 
the  gas  rises  through  the  cock  1.  By  raising  the  cistern  e  to 
a  greater  elevation,  any  degree  of  pressure  may  be  obtained ; 
and  a  blow-pipe  may  be  screwed  on  the  cock  at  the  left  side  of 
the  vessel. 

PLATE  X. 
Figs.  1,  2,  3.     Views  of   Mr.  Newman's  Mercurio^fmeu* 
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maiic  trovgh,  combined  with  a  mercurial  gaasometer*    The 
same  letters  refer  to  all  three  figures. 

Fig.  1,  is  a  front  view ;  fig.  2,  a  section  ;  and  fig.  S,  a  view 
looking  down  from  above  into  the  cavity  of  the  troughs  A, 
the  glass  bell  of  the  gazoraeter,  shown  about  half  fultof  gat ; 
B^  the  exterior  vessel  of  the  gazometer.  In  fig.  I,  the  central 
^Ud  part,  which  fills  the  cavity  of  the  bell  when  deprewed  u 
far  ns  it  will  go,  is  shown  by  dotted  lines,  as  also  is  a  small  iron 
tube,  on  which  the  letter  B  stands.  This  tube  conveys  the  gases 
from  the  small  bell-shaped  vessel  E,  in  which  they  are  first 
received,  into  the  receiver  A  of  the  gazometer.  In  fig.  2,  this 
tube  is  marked  b  /',  and  may  be  seen  rising  a  little  above  the 
mercury,  which  is  thus  prevented  from  falling  into  it  lo 
fig.  3)  the  termination  of  this  pipe  is  marked  by  a  circle,  close 
to  the  letter  C. 

D,  fig.l.  one  of  the  sides  of  the  cistern  for  containing  meT' 
cury,  at  G  the  cistern  has  a  semi*cylindrical  cavity  seen  more 
distinctly  in^^fig.  2.  F  is  a  small  tube  opening  into  the  gaio- 
meter,  and  also  unfder  one  of  the  small  holes  i  i  ^  fig.  d.  By 
means  qf  this  tube,  a  small  portion  of  gas  may,  at  any  time^ 
be  transferred  from  the  gazometer  into  a  narrow  test  tube  or 
other  vessel,  H  is  a  deep  circular  cavity,  or  well,  into  whidi  a 
long  tube  or  jar  may  be  occasionally  immersed,  when  it  is  ne- 
cessary to  have  the  mercury  at  the  same  level  within  and  with- 
out. I  is  a  receiver  into  which  gas  is  supposed  to  be  passing 
from  n  retort  heated  by  the  spirit  lamp  N.  This  lamp,  by 
means  of  a  pillar  and  socket,  may  be  raised  or  lowered  at 
pleasure,  and  is  secured  at  any  desired  height  by  a  spring.  K, 
a  Volta's  Eudiometer  secured  by  an  upright  pillar  L,  in  which 
is  a  spring  to  diminish  the  recoil  on  firing  any  gases.  This  is 
moveable,  and  is  fixed  when  wanted  to  the  side  of  the  trough 
by  the  screws  M.  O  O,  a  sheet  iron  tray,  intended  to  collect 
any  mercury  that  may  be  spilled  out  of  the  trough. 

Figs.  4,  5,  6,  7.  The  compound  blowpipe  for  cornpressed 
oxygen  and  hydrogen  gases,  with  the  addition  of  a  safety  tube 
for  preventing  explosions.  A,  the  barrel  of  the  condensing 
syringe.  B,  the  handle  of  the  piston.  C,  a  cock  for  closing 
occasionally  the  communication  with  a  bladder  filled  with  the 
mixed  gases.     D|  a  cock  between  the  syringe,  and  the  sqiuire 
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copper  box  into  which  the  gnses  are  condensed.  This  box  is 
marked  E.  F,  a  perforated  metal  cap  fitted  by  a  screw  to  the 
top  of  the  box,  and  containing  a  pile  of  circular  discs  of  wire 
gauze,  seen  in  fig.  5,  such  as  is  used  for  the  safety  lamps. 
G,  a  cock  to  prevent  occasionally  the  escape  of  the  condensed 
gases.  H,  a  ball  and  socket  joint,  by  means  of  which  the  jet 
I,  of  which  there  should  be  two  or  three  of  different  sizes,  can 
be  turned  in  any  direction. 

The  addition  to  the  apparatus  for  preventing  explosions  is 
represented  in  fig.  5,  within  the  copper  box.  The  letter  d  is 
placed  on  a  piece  of  brass  tube  closed  at  the  bottom,  and 
fixed  air  tight  into  the  box.  Into  the  bottom  of  this,  is  fixed 
a  small  pipe  a  a,  covered  at  the  upper  extremity  a  by  a  piece 
of  wire  gauze,  and  opening  into  the  brass  tube  by  two  or  four 
holes.  A  circular  flat  valve,  lined  with  silk  or  leather,  which 
may  be  seen  in  the  sketch,  covers  these  holes,  and  prevents 
the  passage  of  any  thing  backwards  from  the  brass  fube  into 
the  box  E. 

When  the  instrument  is  to  be  used,  the  common  air  should 
be  exhausted  from  the  box  E,  by  means  of  the  syringe,  the 
box  then  filled  with  the  gases ;  afler  which  water  or  oil  should 
be  poured  into  the  brass  tube  (the  cap  F  being  supposed  re- 
moved) to  about  e.  The  gases  may  then  be  condensed  into 
the  box,  and  by  their  own  elastic  force  will  pass  through  the 
tube,  the  fluid,  and  the  various  screens  of  wire  gauze,  and  will 
issue  out  at  the  jet.  When  the  inflammation,  by  the  use  of  a 
large  jet,  passes  backwards,  it  is  generally  arrested  by  the 
discs  of  wire  gauze;  but  if  it  pass  these,  it  kindles  only  the 
gases  in  the  brass  tube,  and  does  no  harm ;  and  the  valve  pre- 
vents the  fluid  from  being  propelled  into  the  box. 
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